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The “‘Speedivac”’ vacuum fusion equip- 
ment was designed to overcome difli- 
culties experienced with the large and 
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the vacuum. The valving is so arranged 
that a sample is melted and its gas 
collected whilst the previous sample is 
being analysed. Gas samples are then 
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This new quick-action divider is a real time saver 

for the division of seeds and other granular 

materials for laboratory tests. A batch of material 

can be accurately divided within seconds and 

further subdivisions can be taken in rapid succession 

until the required test quantity is obtained. 

The unit consists of a hopper over a dished spinner 

above.a specially fluted two-way dividing 

head and a base housing a fractional h.p. 

motor. The spinner distributes the test material 

over the dividing head and the divisions 

are channelled through two spouts at 

the side into suitable collecting bins 

under the spouts. The unit is supplied complete 

= motor, level indicator and adjustable tripod 
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NATURE AND THE RECENT PRINTING DISPUTE 


rT HE printing dispute which for about six weeks 

held up much printing and publishing in Britain 
is now happily over. Unfortunately, during that 
period it was not possible to publish Nature ; never- 
theless, contributions continued to be submitted from 
all parts of the world at the usual rate and volume. 
This meant that the Editors were able to function 
and face their normal duties during the dispute ; but 
abnormal problems arose afterwards. 

Now that the dispute has been resolved, type- 
setters, block-makers, printers and publishers through- 
out the country are finding themselves tied by 
commitments and inundated with requests. Nature's 
problem is not only to catch up as quickly as 
possible but also to accommodate the many con- 
tributions which have been accepted before, during 
and since the strike. Goodwill is prevailing among 
all those concerned with producing the journal, and 
a spirit of understanding emanates from the scientists 
themselves. These the Editors gratefully acknowledge. 

However, in spite of all efforts being made by the 
printers, who have been so completely and com- 
petently in charge of the production of Nature for 
the past well-nigh thirty years, it has proved desirable 
to invoke the aid of other type-setters and printers. 
especially if the immediate aim is to be dual-purpose, 
that is, come up to date quickly but not at the cost 
of volume of work published. Again we are happy 
to record that everyone connected with this move 
and the extension of activities is co-operating closely. 
Nevertheless, such a project, involving as it does the 


transfer of some manuscripts not set, some type of 
those partially or completely set and the selecting of 


when and where these are to be sent for finishing and 
collating, is proving to be a heavy burden, especially 
on the Editors. Yet this work is being carried out 
successfully and in good heart ; and it is to be hoped 
that full issues of Nature will soon be appearing on 
their appropriate dates. 

Nevertheless, so complicated is this work that 
whereas some communications are delayed, others 
are being published more quickly than is normal. 
No doubt the authors who are suffering the longest 
delay are those whose manuscripts were only par- 
tially ready for printing when the dispute began. 
The Editors regret that in such cases they had no 
choice in the matter, and nobody can be blamed for 
this temporary set-back. 

As readers of Nature will have noted, the present 
modifications of normal procedure have resulted in 
cach issue being published in two parts—the “Letters 
to the Editors’ appearing as a supplement. 

Although this will help to expedite the publication 
of letters, and ease the strain on the rest of the 
journal, and although this will soon mean that even 
nore communications than hitherto can be pub- 
lished, now is an appropriate time for enlisting the 
assistance of contributors and indicating how they 


can help —though it should be stressed that the 
following comments apply to any journal at any time. 

When referring to the preparation of manuscripts 
for press, in a lecture delivered before the Royal 
Society of Edinburgh some years ago, Mr. L. J. F. 
Brimble suggested that a would-be author should 
following questions before 
mailing his manuscript: (1) Have [ said what | 
really mean? (2) Have [ said it in the minimum 
number of words? (3) Is it necessary to say it at 
all? The fact that this was quoted in at least eighty 
journals throughout the world and afterwards per- 
sonally reiterated by other editors indicates that 


ask himself the three 


authors might well ponder such queries for the sake 
of themselves, their readers and their editors. 

By and large, an editor reserves the right to assist 
an author in deciding the answer to the third ques- 
tion, at any rate so far as his own journal is con- 
cerned ; yet, even if acceptable, articles and other 
communications could often be much improved before 
submission for publication, and for this the author 
and/or his advisers are entirely responsible. For 
example, corrections in proof are exacting for a type- 
setter, time-consuming for him and the printer, 
costly to the publisher (and in the case of some 
journals to the author himself) and frequently 
irritating to the editor, especially when the last- 
named knows full well that more careful preparation 
of the manuscript in its initial stages would have 
rendered many such corrections unnecessary. In the 
case of Nature, costs of corrections are borne by the 
publishers. 

There are authors who still rush their manuscripts 
to an editor knowing that they have not yet said the 
last word on the subject, but who aim at correcting 
and improving (?) in proof. Recently, for example. 
the manuscript of a communication to Nature con- 
tained the following numerical values : 7-28 + 0-82: 
8-92 -- 1-09 these were changed to 11-15 
1-30, 5-12 -+ 0-85 

Although in general authors are reasonable with 
their corrections, there are those contributors whose 
than the original setting. 


in the proof. 


corrections cost more 
Perhaps the most expensive author is he who does 
not hesitate to make changes on the proof of an 
illustration which he himself had originally prepared, 
apparently assuming that such changes are possible. 
Actually, except in the case of very minor alterations, 
a new block has to be made, which may cost several 
pounds sterling. 

Another problem which must now be facing all 
editors of scientific journals and certainly most readers 
of such journals is that of abbreviations. Obviously, 
many of these, symbols, ete., are essential to such an 
exact discipline as science ; but among a high per- 
centage of scientists to-day the devising of abbrevia- 
tions seems to have developed into a culi. Often the 
straightforward full word is all that is needed ; but 
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even more important in any journal which covers 
all branches of science, it must be borne in mind 
that an abbreviation often has more than one 
meaning. especially between one subject and another. 
For example, a geologist recently submitted a com- 


munication containing the letters B.C. to mean 
Boulder Clay. To most biochemists PAS means 
periodic acid-Schiff; but to othors it may mean 


para-amino-salicylic acid. The symbol H has been 
adopted by some to indicate histamine; but for a 
very long time to all scientists it has been the symbol 
for hydrogen. One author expected the editors to 
use the expression cytidylic acid-U-C'! to mean 
“uniformly labelled cytidylic acid with respect to 
carbon atoms contained therein”. To a few authors 
the letters D.C.L. stand for Distillers Co., Ltd. ; 
whereas in the much wider field of academics these 
have a quite different connotation. Some physio- 
logists indicate cardiac output by the abbreviation 
CO, which might well confuse others. One author 
who wrote M.I.T. to mean monoiodotyrosine had 
apparently not heard of the Massachusetts Institute 
of Technology. 

There is no doubt that many abbreviations are 
essential, for they can be so exact; but there are 
certainly a number of authors who 
imagine that their articles appear more ‘scientific’ if 
these are peppered with abbreviations. Although the 
Editors of Nature are now well versed in abbrevia- 
tions adopted by scientific writers, such is the present 
height of this Tower of Babel that the former some- 
times have to refer a communication back to an 
author asking what he means. This is, to say the 
least of it, a waste of time. Recently a communica- 
tion received had anything from three 
abbreviations in each line (some obviously made up 
by the author himself). The communication defied 
interpretation ; yet after the author had been shown 
the error of his ways, the revised manuscript, without 
a single abbreviation, revealed an elegant and 
interesting piece of research work. But before that 
communication could be published it had to pass 
backwards and forwards three times half-way around 
the world. 


apparently 


one to 


It is not irrelevant to point out now that, despite 
many efforts at achieving standardization in scientific 
presentation, journals vary considerably, though 
each one endeavours to be consistent within itself. 
It would save much time and, indeed, be a courtesy 
to any editor, if an author consulted beforehand the 
journal to which he proposes submitting his manu- 
He would certainly obviate the risk of errors. 
For example, Nature endeavours to be consistent in 
the way footnote references are inserted; yet fre- 
quently authors adopt their own methods (or those 
of other journals), and these, sometimes being quite 
different from Nature’s custom, involve extra work 


script. 


on the part of the Editors and the risk of wrong 
quotations or citations. 

Perhaps the most problematical of all authors is 
he who wishes to withdraw his communication after 
it has been submitted. The timing of such with- 
drawal is often very awkward. If the author with- 
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draws at about the same time as the editor decides 
to reject then little harm has been done. But if the 
author withdraws, as he sometimes does, after the 
communication has been set in type, then consider- 
able costs have been incurred and the time of editors, 
type-setters (and sometimes even block-makers and 
printers) has been wasted. Moreover, if the request 
to withdraw comes after the contribution has reached 
page-proof stage, then really difficult editorial and 
printing problems arise. An author is therefore well 
advised to ponder his communication after he has 
written it, and scrutinize fully the possible con- 
sequences to himself and the readers of his com- 
munication, before submitting it to any journal ; for 
there is the ultimate risk, which sometimes occurs, that 
it is too late to withdraw the publication, anyhow. 

The foregoing suggestions and observations should 
be considered carefully by all likely contributors to 
the columns of Nature, for they apply at any time, 
though never so urgently as at present. It is to be 
hoped that all authors and readers will recognize the 
inevitability of a certain amount of delay during this 
period of getting back to normal; though we have 
already reached the stage when genuinely urgent 
material can be dealt with promptly. The time is 
not far off now when Nature will again be on an even 
keel so far as date of publication is concerned, and 
equally as soon it is hoped that even more text than 
hitherto can be accommodated. 

The Editors gratefully acknowledge the assistance 
given and co-operation shown by all type-setters, 
block-makers, printers and publishers during what 
has turned out to be the most exacting period in 
Nature’s history ; and everyone concerned with the 
production of the journal has been encouraged by 
the sympathetic understanding shown by scientists 
the world over. 


FORTY-SEVEN AUTHORS IN 
SEARCH OF A CONCLUSION 


Virus Growth and Variation 

Ninth Symposium of the Society for General Micro- 
biology held at the Senate House, University of 
London, April 1959. Edited by A. Isaacs and B. W. 
Lacey. Pp. vili+272. (Cambridge: At the Univer- 
sity Press, 1959. Published for the Society for 
General Microbiology.) 35s. net. 


Perspectives in Virology 

A Symposium. Edited by Morris Pollard. Pp. 
xix +312+2 plates. (New York: John Wiley and 
Sons, Inc.; London: Chapman and Hall, Ltd., 
1959. Published for the Institute of Microbiology. 
Rutgers University.) 56s. net. 


Advances in Virus Research 

Vol. 6. Edited by Kenneth M. Smith and Max A. 
Lauffer. Pp. vili+382. (New York: Academic 
Press, Inc. ; London: Academic Books, Ltd., 1959.) 
10 dollars. 


"THE most integrated of these three volumes is 
the collection of essays on virus multiplication 
that the Society for General Microbiology expected 
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those attending the symposium, that it arranged in 
April, to have bought and read before the meeting. 

There is now fairly general agreement with the 
opinion, stressed by some when the same symposium 
was held in 1952, that virus multiplication cannot 
isefully be compared to the growth of a micro- 
organism on an inert medium. Rather, it is the 
exploitation and diversion of the pre-existing syn- 
thetie capacities of the host cell. 
this anomalous metabolism is material that resembles 
the intruder. It is, however, clear from the papers 
by Harrison and Hoskins that the host has definite 
synthetic preferences. Not only is there the well- 
known insusceptibility of most organisms to most 
viruses, but there are many examples of variation 
induced by the host. Virus infection is a general 
metabolic derangement, and the derangement often 
precedes any apparent virus multiplication. 

Luria, Kellenberger and Hirst stress the analogy 
between genetic processes and virus multiplication. 
It ay well be that this is more than an analogy and 
that there is substance in Muller’s suggestion in 1922 
that viruses could be likened to free genes. Some 
writers, though not those quoted, have followed the 
analogy blindly and made it seem ridiculous. Put in 
biochemical terms, it amounts to the pro- 
position that, among the mechanisms deranged, are 
normally concerned with the production of 
whatever it is that genes are made of and of the 
nucleoproteins of chromosomes. Enthusiasts will find 
that a colourless way to put the matter, but this 

iy serve to bring out the diversity of the problem. 
There was a time when some biochemists announced 

soundingly that they were studying ‘oxidations’ or 
even ‘enzyme actions’; we now have the sense to 
the substrate and tissue actually used. So, 
too. with viruses. Different viruses in the same host 
nierfere with different and the normal 
processes most commonly deranged vary from host 
to host. This book makes it abundantly clear that 
is no one answer to the question, ““How do 
‘uses multiply” ? 
‘Perspectives in Virology” is less integrated. It 
ntains a charming essay by Dubos on the breaking 
of tulips ; he realizes that a perspective can point in 
iny direction. On the historical framework of the 
part played by this virus infection in promoting the 
spread of tulips around the world, he discusses the 
irrationality of the criteria by which we commonly 
distinguish symbionts from pathogens. The puzzling 
relations between pigs, earthworms, lungworms and 
the hog cholera virus are clearly and thoughtfully set 
out by Shope. Almost half the symposium is devoted 
to tumour causation. Kilham discusses transforma- 
tions and points out that many effects are as likely 
to be the result of the failure of a restraint as of the 
appearance of a new capacity. Beard deals with 
current work on viruses as a cause of cancer. This is 
a sensible article marred by the isolationist syndrome 
that often makes American scientists concentrate on 
work done in their own country. Its historical per- 
spective is also limited ; thus Gye does not appear 
anong the 114 references. Fashions in science are 
cyclical, so that one advantage of a knowledge of the 
older literature is that it gives one an up-to-date, or 
even advance, perspective on contemporary contro- 
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versy. The names change but the issues remain 
much the same. 
he papers making up this symposium were 


apparently presented in February 1958, and the 
discussion that followed is printed though some of it 
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is rather slight. Verbatim treatment has, however, 
the immense advantage that it preserves several of 
Peyton Rous’s reminiscences and anecdotes, and 
these might well have been shorn from a strictly 
edited version. 

‘‘Advances in Virus Research’? appears annually 
and is, naturally, without unity. A third of this issue 
is devoted to a review by Sonneborn on kappa and 
related factors in Paramecium ; it is comprehensive 
and includes a valuable survey of similar bodies found 
in other protozoa and in insects, and a discussion of 
the reasons for looking on a particle as large as 
kappa as a virus. In the course of this he discusses 
the limits of the category ‘virus’ and this is probably 
the main reason for including the essay in the 
volume. But it would have made an excellent 
127-page book on its own. Two articles deal with the 
purification procedures used for plant and _ polio- 
myelitis viruses. It is useful to have all these methods 
collected together, but it may be that the authors 
under-rate the extent to which differences in the 
precise state of the host tissue, normally used in 
different laboratories, will affect the way in which 
these methods work in practice. Consideration is 
also given to the inactivation of polio virus for use 
as a vaccine; here it is puzzling to find attention 
concentrated on formaldehyde. There are many 
other potentially useful inactivating agents with 
more systematic and predictable behaviour. There 
are lucid articles by Brenner on phage genetics and 
by Broadbent and Martini on the spread of plant 
viruses. The latter give so many examples of trans- 
mission through seeds that we can no longer regard 
this as unusual. 

A review of. thirty-six articles is necessarils 
selective ; a list of titles and authors alone would 
nearly have filled the space allowed. In general, the 
standard is high and it is by no means a bad thing that 
widely different audiences are aimed at. One wonders. 
however, whether such ephemeral material needs to 
appear with so expensive a format. The total cost 


of these three volumes is £8. N. W. PIRIe 
FROM AXES TO ATOMS 

Man the Maker 

A History of Technology and Engineering. By 

Prof. R. J. Forbes. Pp. xvi+365+41 plates. 


(London: Constable and Co.. Ltd., 1958.) 30s. net. 


" AN the Maker” is certainly the most flattering 

image of him. For whatever else may be 
dubious in man’s relatively brief history, there is no 
doubt that his capacity to make (or, rather, construct 
for man creates nothing) has steadily increased. 
Beginning with no more than the power to chip and 
hack, endowed with an instinctive dexterity less than 
that of some insects, he has acquired tool after tool 
and mastered process after process, until he can 
rearrange to accord with (at least partially) pre- 
determined patterns all the component parts of the 
universe within his range, from the particles of the 
nucleus to millions of tons of rock and water. The 
growth of man’s power, as Prof. Forbes tells it, is the 
strongest confirmation of progress that history can 
offer. It isa story without retrogressions, without Dark 
Ages. Further, he is right to insist that this growing 
power has been used for constructive purposes, unless 
we would limit men to the status of feeble parasites. 
As the first men took flesh from animals and branches 
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from trees, their successors have gone on to pillage 
the Earth and poison the air on a scale ever propor- 
tionate to their growing power, for they could not 
build without materials nor beautify without making 
ugliness. But build they did and as a result human 
life has become ever more secure and comfortable : 
and its focus has moved from the stomach to the brain. 

The history of technology divides into two essen- 
tially different overlapping phases. The first is the 
development of craftsmanship, the limit of which is 
whatever is best of its kind, though not necessarily for 
its function. Some stone axes are perfect examples of 
craftsmanship, but a Woolworth’s one is a_ better 
tool. The second is the transfer of craftsmanship to 
the machine and the factory, the production of which 
has no limit in whatever is good or bad. Once man 
had learnt to hunt and grow, to carpenter, smelt, 
and weave, as he had by about 2,000 B.c., the early 
history of techniques is largely concerned with the 
development of the fine crafts of the potter, silver- 
smith, silk-weaver and dyer. Such artisans possessed 
the most advanced skills. Under successive empires 
from the Egyptian to the Holy Roman they supplied 
their masters with beauty and luxury while the life 
of the peasant masses continued essentially unchanged, 
equally ungraced by the pottery of Corinth or Deruta, 
by the steel of Noricum or Toledo, by the linen of 
Pharaohs or the scarlet of kings. So far as the 
majority of humanity was aware of the finest works 
of ingenuity in machines, in architecture, in weapons 
or in pageantry, it was aware of them as arousing 
superstitious wonder or deferential awe. Until some 
500 years ago technological progress, the use of 
metals and of bright colours, the building of clean, 
solid houses, the availability of transport and of 
variety of food, diffused downwards to the masses 
of Europe and Asia with incredible slowness. Nor 
in the age of craftsmanship could it be otherwise. 
Beginning under the Romans, however. and gathering 
momentum during the Middle Ages in Europe, is a 
new trend that will break down such restrictions, 
the importance of which is fully recognized by Prof. 
Forbes. This is the use of powered machines. The 
most astonishing fact in his book is given on p. 328 : 
half the available energy in the United States is con- 
sumed by its inhabitants for their private uses, the 
other half being nearly evenly divided between 
manufacture and conversion-losses. That is the true 
sign of the affluent society. 

The author, whose association with Royal Dutch 
Shell and experience as @ historian of science and tech- 
nology give him unique authority, has devoted more 
than a third of his book to the earlier phase of man’s 
career as a maker. This section of the book, though 
it can enter into little detail of how things were done 
by the laborious craftsman, gives a clear and balanced 
account of the origins of the chief manufactures ; 
nor are their social effects ignored. The later and 
longer section on the last five hundred years has 
much detail of inventions and their development. 
Prof. Forbes shows a wise caution in appraising the 
contribution of pure science to invention and the 
revolution in technology : the importance of science 
in this respect is little more than a century old. The 
extension of the wind- or water-driven machine from 
corn-milling to fulling, smelting, pumping, spinning 
and weaving ; the use of coal as a fuel and cast iron 
as an engineering material; the mastery of steam 
and the beginnings of industrial chemistry were all 
effected through craft empiricism. Changes in 


industrial organization were scarcely less productive 
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than the new techniques. The effects of science ii 
the nineteenth century were wrought on a world 
already changed, crudely perhaps, yet reaching 
towards “a rational exploitation of the materia 
world on behalf of the common good”. Througl 
machinery and power, through book-printing ani 
cotton-manufacture, railways and precision lathes. 
sulphuric acid, soda and glass, quantity production 
was offering the earth-bound peasant more than the 
whole history of craftsmanship had ever provided 
for the few. That, one cannot deny, is progress in 
making. 

The text of ‘“Man the Maker’, now re-issued, is 
identical (even to misprints) with that issued  }y 
Henry Schuman (New York) in 1950. The autho: 
has enlarged the epilogue by several pages and has 
revised the bibliography. Although historians o/ 
technology are not idle, the book is still the broadest. 
most readable and complete survey of the field. I 
is written with continuity, perspective and_ socia 
sense. Some casual statements that will annoy 
specialists and a number of relatively trivial slips in 
date and name might have been corrected, but these 
are minor blemishes on a work that will open a nev 
prospect of the past to many readers. 


A. BR. Hav. 


HEAVIER ELEMENTS 


The Transuranium Elements 


By Glenn T. Seaborg. (Yale University— Mrs. 
Hepsa Ely Silliman Memorial Lectures.) Pp. xx — 328. 
(London: Methuen and Co., Ltd., 1958.) 50s. net. 


4 material in this book was originally presented 
at Yale University in lecture form during 1957. 
After considerable expansion, it was published as 
one of the series of books produced by the Addison- 
Wesley Company and presented by the United States 
Government to foreign delegates at the United 
Nations Conference on the Peaceful Uses of Atomic 
Energy, Geneva, 1958. It is now available in a 
different binding published in Great Britain by 
Methuen. 

Prof. Seaborg has a well-established place in the 
discovery and elucidation of the complex chemistry 
of the transuranium elements, and any new publica- 
tion by him is deserving of our close attention. This 
book is not, however, written for the specialist in 
this field and is of quite a different character from the 
highly successful volume “The Chemistry of the 
Actinide Elements” written in collaboration with 
J. J. Katz. Moreover, much of the basic material 
has appeared previously. 

There are four main sections. The first is historical. 
beginning with a detailed description of the discovery 
of plutonium early in 1941, and continuing through 
the development of methods for its large-scule 
separation, with some digressions on the related 
actinide elements. This section is not easy reading 


despite the introduction of a considerable number of 


personal recollections of important events: — thie 
inclusion of long lists of names in the running text Is 
distracting. The emphasis is on the chemists whose 
contribution to the success of the war-time project 
for the synthesis and separation of plutonium was 
only briefly mentioned in the Smyth Report of 1945. 
Although the reviewer is not in a position to judge 
the accuracy of detail in the accounts given of this 
very early work in the United States, some errors 
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and misleading statements were detected in the brief 
references to the British project. As examples, no 
distinction is made between R. W. Spence (of Los 
Alamos) and R. Spence (of Harwell) on p. 73 and 
in the index, and the work of Welch and collaborators 
on plutonium compounds (pp. 87-88) is erroneously 
quoted as having taken place at Harwell rather than 
at Windscale. The brief description of the Chalk 
River Laboratories (p. 73) does not mention the 
important laboratory-scale development of the 
Windscale plutonium separation plant during the 
period 1945-48. 

The second section of the book, in which the 
chemical properties of the actinide elements are 
discussed briefly in a correlative manner, is more 
digestible. Although one must agree with the author 
that the main points of the actinide concept are now 
well established, there will still be many chemists 
reluctant to see the undiscovered element 104, instead 
of thorium, taking the eka-hafnium position in the 
periodic table. At the end of the book there is a 
shorter fourth section in which Prof. Seaborg attempts 
to extrapolate the generalizations he has derived to 
predict the chemical and nuclear properties of 
elements well beyond those which have yet been 
successfully synthesized. The magnitude of the 
experimental problem of isolating such elements is 
illustrated by a detailed description of the discovery 
of element 101. Since an average of only one atom of 
element 101 was expected to be produced in each 
experiment, the subsequent separation and _identi- 
lication must rank as one of the most outstanding 
feats in the history of chemistry. 

The most valuable part of this book is the third 
section, which deals systematically with the nuclear 
properties of the trans-uranium elements. However. 
there is here, as in the rest of the book, a complete 
lack of detailed reference to sources of information. 

In summary, the book, though containing much 
material of interest, is written in such a way as to 
fall rather awkwardly between two stools. Specialists 
in the field will prefer other expositions on the subject 
by the same author, while the layman interested in 
scientific matters will find difficulty in following the 
book, as a considerable background of scientific 
knowledge is required for a full understanding of even 
the historical sections. 

The book is well produced, with a commendable 
lack of typographical errors. J. K. DAwson 
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SCIENCE EDUCATION 


he Challenge of Science Education 
Kdited by Joseph S. Roucek. Pp. xiii--491. (New 
York : Philosophical Library, 1959.) 10 dollars. 
\ HEN Sputnik was announced to a_ startled 
world in October 1957, the reaction in the 
United States was immediate and vigorous, but no- 
where was it more unsettling than in certain radical 
proposals for revolutionizing the American educa- 
tional system by copying that of the U.S.S.R. This 
hook isan attempt to make a first systematic survey of 
the post-Sputnik educational practices in the field of 
science in the United States, the U.S.S.R. and Britain. 
The work is edited by a former Czech, who commenees 
with a brilliant, short historical account of the impact 
of science upon human thought and behaviour. More 
than thirty collaborators are each responsible for a 
chapter, and these include Dr. James R. Killian, 
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lately consultant to President Eisenhower, and Dr. 
Werner Heisenberg. The contributions differ in size 
and value as is to be expected, and the treatment of 
the subject is generally diagnostic and experimental 
rather than conclusive. Standards and content in 
American science education vary more by reason of 
geographical location, religious and political factors 
than they do in Britain, though so far as the last 
is concerned, even here it still remains to be seen 
whether politics, which has invaded the field of 
secondary education, as in Derbyshire, will prove 
harmful to science teaching at a high level in the 
grammar schools. The salary-levels, which affect the 
recruitment of suitable men and women to teach 
science, operate in the United States more forcibly 
than in Britain, and there is the added difficulty of the 
lower rating in social status. “Don’t become a 
teacher,’ said the head of one science college in 
the United States, “‘we want to be proud of all our 
men.” 

Werner Heisenberg’s defence of a background 
education in the classics in relation to his own mental 
development as a theoretical physicist is most 
interesting and suggestive ; and so are the chapters 
on new approaches to mathematics teaching by 
using the theories of sets and probability. The 
underlying tone of the book is by no means optimistic. 
There is a quotation from Don K. Price (‘‘Govern- 
ment and Science’’), who concludes that ‘‘The role of 
world leadership is an uncomfortable one ; it requires 
a steadiness of purpose, an economy of our energies 
and a breadth of philosophy that have never been 
characteristic of American temper’. 

The short account of science education in Great 
Britain (though it might have been more accurate 
to say England) by Dr. Kenneth Laybourn of Bristol 
and the longer account of the U.S.S.R. by L. A. D. 
Dellin of Vermont are very useful summaries. 

The documentation at the end of each chapter is 
excellent. Every chapter is worth reading and ponder- 
ing on, particularly by those who are interested in 
science and mathematics teaching, but generally by 
those who have any interest in maintaining the free 
world. W. L. SUMNER 


SIR CHARLES HASTINGS 


The Life and Times of Sir Charles Hastings, Founder 
of the British Medical Association 

By William H. McMenemey. Pp. xii 

plates. y 


+516 +32 
(Edinburgh and London : E. and 8. Living- 


stone, Ltd., 1959.) 50s. net. 


N 1951, Dr. W. H. McMenemey was invited by the 

Council of the British Medical Association to 
deliver the first Sir Charles Hastings memorial 
oration, for which task he was singularly well 
equipped, for he had worked for several years as 
pathologist at Hastings’s own hospital, and in 1947 
had made a name for himself with his scholarly and 
charmingly written ‘‘History of the Worcester Royal 
Infirmary’’. An elaboration of this oration, ‘‘The 
Life and Times of Sir Charles Hastings” is a huge 
tome, to which the hackneyed phrase “labour of 
love’? may unhesitatingly be applied. It will for 
long remain the standard biography of the founder of 
the British Medical Association and of the architect 
of the Medical Act of 1858. Dr. McMenemey possesses 
a scholar’s conscience in consulting original sources, 
and he quotes extensively and happily from con- 


temporary medical periodicals, newspapers, minutes 
and letters, yet he wears his learning lightly and 
unobtrusively, and his style is both elegant and 
delightful. Some readers might criticize his story 
on the grounds that it is too detailed and too discur- 
sive, and that the lengthy accounts of his contem- 
poraries detract from a true appreciation of the subject 
proper of the biography ; but even those who would 
have preferred a more succinct narrative will yield 
to none in their admiration for an invaluable work of 
reference. 

We meet Charles Hastings as a medical student at 
Edinburgh, where he developed ‘“‘a catarrhal inflam- 
mation of the lungs’’, which was treated by the distin- 
guished physician, James Gregory, and we learn that 
this malady inspired his lifelong interest in diseases 
of the chest. In 1820 was published his classic 
‘Treatise on Inflammation of the Mucous Membrane 
of the Lungs’’, which was translated into German two 
years later. We accompany him to Worcester, where 
he was appointed physician to the Infirmary, and 
watch him first using the stethoscope in the summer 
of 1820. We read how he founded, and edited, the 
Midland Medical and Surgical Reporter in 1828, 
and in 1832 launched the Provincial Medical Associa- 
tion, which was watched by Thomas Wakley in 
London “carefully and with considerable suspicion”. 
Little did Wakley realize that one day it would grow 
into a British Medical Association. Hastings was 
“the pivot around which the Association revolved, 
for they all looked to him for guidance and inspira- 
tion’’. We are told that he narrowly escaped becom- 
ing mayor of Worcester, paying a fine of £50 for having 
refused office. We see him in the role of naturalist and 
in his company attend a dinner where twenty toasts 
were drunk. ‘‘When the celebrants finally arose they 
had completed just over six wonderful hours of feast- 
ing and conviviality.’’ It is interesting to find that 
in 1844 a National Association of General Practi- 
tioners was formed with seventeen branch secretaries. 

Lavishly and _ fascinatingly illustrated, Dr. 
McMenemey’s book bristles with bitter controversies 
in “disturbed and disputatious’ meetings. It con- 
cludes with a bibliography of Hastings’s writings, a 
general bibliography, and a model index. I like 
the chapter headings. W. R. Bett 


PANBIOGEOGRAPHY 


Panbiogeography or an Introductory Synthesis of 
Zoogeography, Phytogeography, and Geology, 
with Notes on Evolution, Systematics, Ecology, 
Anthropology, etc. 

By Léon Croizat. Vol. 1: The New World. Pp. 

1018. Vol. 2a: The Old World. Pp. iii+1-771. 

Vol. 2b: The Old World (continuation). Pp. i+ 

772-1731. (Codicote, Nr. Hitchin: Wheldon and 

Wesley, Ltd., 1958.) £16 10s. (paper bound). 

T is a distinct understatement to call this enormous 

work unusual. Published in three separate books 
making up two volumes which weigh something like 
ten pounds unbound, it contains 2,700 pages and 
probably at least a million words. To this must be 
added that it is highly prolix and repetitive ; that it is 
written in a peculiar brand of semi-colloquial idiomatic 

English which often obscures the author’s exact 

meaning ; and that it contains too many animadver- 

sions on biologists with whose views Dr. Croizat is 

In short, the author seems to have 


not in accord. 
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put almost every possible obstacle in the way of the 


reader who wishes first to understand and_ then 
carefully to consider his opinions. This is all a great 
pity because there are two excellent reasons at least 
why this magnum opus should on no account be 
regarded as unreadable and therefore safely to be 
ignored. 

The first reason is that the book is a vast compen- 
dium of information about plant and animal distribu- 
tion which is arranged and discussed on a geographical 
and not a taxonomic basis, thus making it much more 
valuable than it might otherwise be. Indeed, the 
broad sweep of its geographical background is one of 
the book’s best features. The first volume begins 
with an introduction, which concludes with a remark- 
able piece of self-criticism by the author, and is there- 
after concerned with the New World in general and 
then with Venezuela, Colombia, Ecuador, the West 
Indies and Galapagos (that is, with several crucial 
areas) in particular. The first book of the second 
volume deals with Africa, Eurasia, Malaysia and 
Australasia : the second book covers Polynesia and is 
thereafter made up of conclusions ; a long epilogue on 
evolution ; and various addenda, of which the most 
extensive is one on physical anthropology. The 
chapter of conclusions is the shortest of all the 
chapters but also the most readable. 

The second reason is that Dr. Croizat is a man of 
quick intelligence who has for years pondered over 
many fundamental problems of biology, not only in 
its narrower sense, but also in its wider philosophical 
expression in which it comprehends the whole history 
of the human race and of its thought. His comments 
and beliefs on many such subjects are interlarded, as 
it were, through his immensely long recital of the data 
of biogeography, but they often reveal great discern- 
ment and may therefore be forgiven for any digres- 
sions they cause. 

As regards biogeography Dr. Croizat’s main thesis 
is that plant and animal distribution, using this 
word in its more particular sense of ‘dispersal’, must 
not be studied in isolation ; it is simply one aspect 
of the three basic factors of evolution, namely time, 
space and form. To quote his own words, his book 
“replaces the Darwinian understanding of ‘species’ 
originating at some definite spot on the map and 
‘migrating’ via ‘occasional means’ with a fitting 
understanding of form-making and translation in 
space as a single process’’. 

Thus, this vast book is, in essence, a study in 
evolution, chiefly, but by no means only, from the 
biogeographical point of view. It is clearly inspired 
by the author’s discontent with the approaches 
to this subject of Darwin, Wallace and some of their 
successors, and so it is yet another contribution to the 
swelling stream of opinion that the general biological 
outlook which we now call Darwinism, however great 
its value may have been in the past, is no longer 
a suitable vehicle for progress in the _ biological 
sciences. 

The maps, with which the book is liberally supplied, 
are open to some criticism. Most of them might be 
clearer and too many of them are drawn on Mercator’s 
projection, which is quite unsuitable for depicting 
biological distributions. Also, they are too plentifully 
supplied with arrows purporting to show movement 
along various ‘tracks’ of migration. It is easy enough 
to postulate tracks of this sort but it is quite another 
thing to produce satisfactory evidence to show which 
way along them movement has been. 

RonaLp Goop 
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Plant Growth Substances 

By Prof. L. J. Audus. Second edition. (Plant 
Science Monographs, No. 1.) Pp. xxii+554+34 
plates. (London: Leonard Hill (Books), Ltd., 
1959.) 65s. net. 


r{ O produce within a single volume a comprehen- 

sive and up-to-date treatment of a subject which 
is developing so rapidly as plant growth substances 
is nO mean achievement. Yet in this second and 
revised edition of his book, Audus has done this with 
considerable success. As in the first edition, physio- 
logical aspects of growth-regulating activity receive 
careful attention throughout, but in addition a new 
chapter on the mechanism of action of the auxins, 
dealing with more fundamental physiology, is now 
included. Other changes in the book are shown in 
the more detailed treatment given to flowering control 
and chemical control of sexual processes in lower plants 
and to non-auxin type growth substances. The 
chapter on the chemistry of the auxins has also been 
considerably expanded. 

Although this is an excellent book, it is perhaps 
pertinent to ask whether it is attempting to cater for 
too many classes of reader. In the reviewer’s opinion, 
most of the contents are far beyond the reach of the 
‘non-scientific layman’’, whose requirements would 
perhaps be met better by a book written specifically 
for him. 

With this reservation, the present volume can be 
confidently recommended. It is well produced with 
excellent photographs and diagraris. Many references 
to original work are given and appendixes relating to 
the practical use of growth substances in agriculture 
and horticulture are provided. R. L. WAIN 
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The Design of Physics Research Laboratories 

A Symposium held by the London and Home Counties 
Branch of the Institute of Physics at the Royal 
Institution, 27 November, 1957. Pp. 108. (London : 
Chapman and Hall, Ltd.; New York: Reinhold 
Publishing Corporation, 1959. Published on 
behalf of the Institute of Physics.) 21s. net. 


TTXHE proceedings of the symposium on ‘The 

Design of Physics Research Laboratories’ held 
on November 27, 1957, at the Royal Institution and 
organized by the London and Home Counties Branch 
of the Institute of Physics have now been published 
in book form. A report of the symposium appeared 
in Nature (181, 90; 1958). The symposium was very 
timely and extremely successful. It was attended 
by some 400 architects, physicists and others in- 
terested in the design of research laboratories, and 
the book contains a full account of the proceedings, 
including the discussion and many of the photo- 
graphs which were presented as lantern slides. 
Nobody who is about to plan a new physics labora- 
tory or an extension to an existing laboratory should 
omit to read this volume first. It contains a wealth 
of excellent hints and reminders, and may save much 
expense in assisting to avoid faulty design and much 
time in providing quick and accurate reference to the 
authoritative literature. It is difficult to summarize 
the contents, but all those who have had experience 
of planning buildings and the responsibility of super- 
vising the construction will agree most wholeheartedly 
with the statements that properly planned sound 
construction using lasting and easily maintained 
materials is the most economical, and that regular 
site meetings should take place between the user 
of the building, the architect and the most essential 
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person, whom Mr. Emmerson calls “the building 
supervisor’ and who should be the sole official 
channel of communication between the various 
parties concerned in the building of the laboratories. 
S. WEINTROUB 


Aromatic Substitution 
Nitration and Halogenation. By Dr. P. B. D. de la 
Mare and J. H. Ridd. Pp. vii+252. (London: 
Butterworths Scientific Publications; New York: 
Academic Press, Inc., 1959.) 50s. 

HIS book deals with the nitration and halogena- 

tion of aromatic compounds. Two introductory 
chapters cover the basic principles of electronic 
theory and methods used to investigate reaction 
mechanisms. Next follows a group of four chapters 
dealing with methods of nitration and the mechanism 
of the nitration reaction, and then a further group of 
four chapters dealing likewise with halogenation. The 
authors then review substitution in diphenyl, in poly- 
cyclic hydrocarbons, in non-benzenoid hydrocarbons, 
and in heterocyclic systems, and substitution reactions 
involving displacements of groups other than hydro- 
gen. The final chapters deal with molecular orbital 
calculations of reactivity and with linear free energy 
relationships. 

The authors have succeeded in giving an excellent, 
well-written and critical account of their subject. 
Although the book is both short and readable, no 
important aspect seems to have been omitted and 
no important papers overlooked. The authors have 
not been afraid to express forceful opinions on a 
variety of controversial issues—a pleasant pheno- 
menon in this era of depressingly uncritical com- 
pilations. The book is, moreover, very well produced 
and the price most reasonable. It can be strongly 
recommended to any chemist interested in organic 
reaction mechanisms. M. J. S. DEwarR 


Constitutional Diagrams of Uranium and Thorium 
Alloys 

By Frank A. Rough and Arthur A. Bauer. (Addison- 

Wesley Physics Books.) Pp. vi+154. (Reading, 

Mass, : Addison-Wesley Publishing Company, Inc., 

1959.) 5 dollars. 


HIS book, which supersedes the Battelle 

Memorial Institute publication, ‘“‘Compilation of 
U.S. and U.K. Uranium and Thorium Constitution 
Diagrams”, is a new compilation of United States 
and United Kingdom uranium and thorium con- 
stitutional diagrams. The book is divided into two 
major sections, one for uranium and the other for 
thorium. Each section is preceded by a short account 
of the transformation temperatures and crystal 
structures of the base metal. The method of pre- 
sentation is the constitution diagram, with a short 
account of the investigations on the system, the 
essential data on the crystallography of the com- 
pounds and a list of references for each alloy. Most 
of the references are unclassified, but in several 
systems, where the unclassified literature is incom- 
plete, some classified references are given. The 
various systems are listed in alphabetical order and 
include both binary and ternary alloys. The in- 
formation on each alloy is quite comprehensive and 
the form of presentation is neat and concise. This 


publication will be extremely useful as a reference 
book to everyone interested, either from a theoretical 
or practical point of view, in the alloys of uranium 
and thorium. 


D. E. R. HvuGHEs 
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SHIP HYDRODYNAMICS LABORATORY, FELTHAM 


Duke of Edinburgh 
new Ship Hydro- 
National Physical 


N October 19, H.R.H. the 

opened at Feltham the 

dynamics Laboratory of the 
Laboratory. 

Since 1932, when No. 2 Tank was built at Ted- 
dington, test work on models of new ships has 
increased in volume to a point where it has seriously 
impeded research. At the same time, thanks to the 
steady investigations undertaken over the past fifty 
years, research requirements have themselves changed. 
Increasing emphasis is falling on the seagoing qual- 
ities of ships, particularly at high speeds, and the 
facilities at Feltham have been specially designed for 
these requirements. It is expected that, in general, 
tests of commercial ship-models in smooth water will 
continue to be carried out at Teddington, while tests 
of commercial models in rough water and a great 
deal of the research will be done at Feltham. This 
research will include theoretical and experimental 
studies of ship motions in regular and irregular seas, 
together with a study of full-scale multi-directional 
sea states, propeller and hydrofoil cavitation and 
ship vibration. Various other research projects form- 
erly followed at Teddington will be carried over to 
Feltham, where larger models can be used than is 
possible in the existing tanks ; these will include skin 
friction of smooth and rough surfaces, ship-model 











correlation, wave-making resistance and boundary- 
layer investigations. 

The design of the new Laboratory (Fig. 1) was 
developed by the Ship Division of the National 
Physical Laboratory working in collaboration with 
the Chief Architect’s and Chief Engineer’s Divisions 
of the Ministry of Works. The principal facilities at 
Feltham comprise a towing tank, a sea-keeping and 
manceuvring basin and a propeller water-tunnel for 
cavitation research. 

The ship-testing tank is the largest of its kind in 
Britain. It is 1,300 ft. long, 48 ft. wide and 25 ft. 
deep. Its length, which is almost double that of the 
No. 2 Tank at Teddington (680 ft.), is necessitated 
by the requirements of testing models in irregular 
seas or at high speeds and the use of larger models 
of multi-screw ships. In sea-keeping tests the model 
must be run through regular and irregular seas for 
long enough time to obtain complete cycles of motion 
and also to ensure a long enough steady run for 
making measurements at high speed. The original 
design was for a length of 1,800 ft., but this had to 
be reduced in order to keep within the funds avail- 
able, and the present length represents the minimum 
for fulfilling these requirements. The site, however, 


has been planned so that the additional length can 
be added in the future. 





[Crown copyright reserved 


Fig. 1. Ship Hydrodynamics Laboratory of the Nationa] Physical Laboratory 
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Fig. 2. 

The tank itself has been built of reinforced con- 
crete sections. It is above ground-level, as the 
expense of keeping out the subsoil water would have 
been heavy in this area, where the water-table is 
very near the surface. Special care has been taken 
in the heating and ventilating arrangements to keep 
an even temperature in the building in order to 
maintain accurate rail alignment, avoid condensation 
effects on electrical equipment and ensure a reason- 
ably constant nominal water temperature of 60° F. 

The towing carriage (Fig. 2) is designed to tow 
ships’ models up to 5 tons in weight and 40 ft. in 
length. The maximum speed attainable is 50 ft./sec., 
but this would not be used with heavy ship models. 
The carriage has four girders forming a square frame- 
work 50 ft. x 50 ft. externally, completely open 
inside, giving a space 36 ft. square. Into this centre 
space a fore and aft girder containing dynamometers 
and other instrumentation can be placed in a number 
of positions to give flexibility in carrying out different 
types of tests. 

To decrease the effects of track deflexion and thus 
assist in providing undisturbed and uniform motion, 
the carriage is driven by four twin-wheel self- 
steering bogies on which the frame is in effect 
pivot-mounted via a system of rubber compression 
springs. Each bogie is powered by a 300 h.p. peak 
rating d.c. motor. The total peak power of 1,200 h.p. 
has been calculated to provide, with adequate margin, 
sufficient power to accelerate the carriage, which will 
weigh nearly 40 tons fully equipped, at the maximum 
tate without wheel slip. This value will have to be 
determined precisely by experiment, but will be of 
the order of 0-1g. Wind-tunnel tests have been made 
on a model of the carriage frame to help assess 
accurately the wind loadings at high speed. 


(Crown copyright reserved 


Carriage and main towing tank, 1,300 ft. long 


The carriage is equipped with a speed-holding 
servo which will maintain any set test speed between 
10 and 50 ft./s. within 0-1 per cent of the set speed. 
Much study has been given to the braking system 
necessary. The normal method of braking will be 
electrical, but at high speeds a system of mechanical 
friction brakes will be brought into use, which are 
spring operated and held off pneumatically so that 
they fail to safety in the event of loss of air supply. 
To limit the duration of the test run, track switches 
have been installed to bring on both electrical and 
mechanical brakes and bring the carriage to rest 
with a maximum deceleration rate of 0:25g. Should 
all these systems fail, an aircraft arrester gear has 
been fitted, with cables on each side of the tank. A 
shock-absorbing nylon harness on the underside of 
the carriage will engage hooks located on the inside 
face of the tank walls. 

The investigation of the behaviour of vessels in a 
seaway demands the generation of regular and 
irregular wave systems in the tank. A wave-maker 
has been installed at one end of the tank capable of 
making waves up to 40 ft. in length and 2 ft. in 
height from crest to trough with an infinite variety 
of possible combinations within these limits. The 
wave-maker takes the form of a wedge-shaped 
plunger 17 ft. in height which spans the tank and 
tapers almost to a point at the bottom. The front 
face is curved to follow a theoretically ideal contour 
and is true to within + } in. over the whole frontal 
area. The plunger moves vertically on slides on the 
end wall of the tank and is driven by hydraulic rams 
from a pump which operates normally on a sinusoidal 
pressure cycle to give a regular train of waves. By 
varying the pressure cycle it will be possible to 
generate irregular wave systems more typical of 
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average ocean sea-states. To prevent reflexion of the 
waves from the other end of the tank, an end beach 
has been provided. This consists of a curved sloping 
surface, continuous below water and slotted in and 
above the water. It can be raised or lowered by 
means of buoyant chambers. 

When tests are being made with a model in smooth 
water, she creates her own wave system, and time 
has to be allowed between successive runs to allow 
these waves to die down. In order to reduce this 
waiting time to a minimum, a similar beach is fitted 
in front of the wave-maker and can be raised to the 
surface when required. In addition, there are side 
beaches consisting of continuous lengths of curved 
flaps on either side of the tank which are hinged to 
the tank walls so that they can either be raised into 
a vertical position clear of the water when making 
waves or let down and partly submerged for still- 
water testing. 

In long towing tanks the behaviour of models can 
be studied under conditions of head-on or stern-on 
waves. It has long been desired at the National 
Physical Laboratory to carry out tests in waves at 
different angles to the heading of the model and in 
confused seas and to investigate manceuvring qual- 
ities generally. This will now be possible at Feltham, 
with the new manceuvring and sea-keeping basin 
(Fig. 3), which is 100 ft. square with a depth of 
water of 8 ft. A plunger-type wave-maker has been 
fitted along one side capable of producing waves up 
to 15 ft. long and 9 in. high. A beach has been fitted 
on the opposite side. It is intended later to fit 
another wave-maker on an adjacent wall, and this 
may be articulated, to enable confused seas to be 
generated. 


Cae} . referers. 
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Models up to 10 ft. in length can be used in this 
tank, and as they are to be free-running, they must 
carry their own source of power and instrumentation. 
They must therefore combine lightness with strength, 
and will in general be made of fibre-glass plastic. 
They will be radio-controlled from shore, and the 
instrumentation in the models will either ‘record its 
own data or telemeter them ashore. The Control 
Mechanisms and Electronics Division of the Labor- 
atory is assisting in the development of a tracking 
system. 

The new water tunnel (Fig. 4) is intended primarily 
for research work on propellers up to 24 in. in dia- 
meter and can also be adapted for testing hydrofoils 
and similar bodies. This work is likely to grow in 
importance with the increasing demand for high 
speeds in ships of all classes. The tunnel is one of 
the largest of its type, with a circular closed test 
section 44 in. in diameter; it is designed for a 
maximum water velocity in the working section of 
50 ft./s. 

The tunnel shell is arranged as a rectangular 
circuit of which the upper horizontal limb is at 
ground-level. This portion includes the contraction 
section, where the water is accelerated to the working- 
section velocity, the working section itself and the 
transition and diffuser sections, where the speed of 
the water is gradually reduced before entering the 
suction side of the pump. The remaining portions of 
the tunnel form a U-shaped circuit descending 180 ft. 
into the ground and forming a ‘resorber’. This is 
designed to subject the water to an additional static 
pressure-head during transit, when all bubbles created 
by cavitation at the model and released into the 
water stream are re-absorbed into solution. 





[Crown copyright reserved 


Fig. 3. Sea-keeping tank 
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The water will be circulated 
around the tunnel by a 92-in. dia- 
meter vertical variable-pitch pump 
driven at a maximum speed of 
220 rev./min. by an 850 h.p. mean 
continuous rating vertical d.e. 
motor, which is equipped with auto- 
matic speed-holding equipment de- 
signed to hold any set speed with 
an accuracy of 0-1 per cent. 

The model propeller is mounted 
on a downstream shaft, fitted with 
thrust and torque dynamometers 
and driven by a 300 h.p. motor. 
The pressure in the test section 
can be varied from near zero to 6 
atmospheres absolute. The tunnel 
is fitted with stroboscopic light 
ing and high-speed photographic 
equipment. 

There are a number of small 
laboratories devoted to the develop- 
ment of new instrumentation, a 
photographic room and a vibration 
laboratory containing a water tank 
20 ft. by 14 ft. and 6 ft. deep for 
experiments on virtual mass and 
similar problems. 

The Laboratory is fully equipped 
with workshops for making wax, 
wood and plastic hull models, and 
casting and finishing propeller 
models in bronze. The office block 
includes a handsome library, a din- 
ing room and kitchens. The offices 
and workshops have been occupied 
since August 1958, and much of 
the new instrumentation has been 
built in the shops. 

The new Ship Hydrodynamics 
Laboratory will be under the per- 

: sonal direction of Dr. F. H. Todd, 
[Crown copyright reserved — synerintendent of the Ship Division 
of the National Physical Laboratory. 








Fig. 4. Model of the water-tunnel showing underground portion 


LOCALIZATION AND ASSAY OF RESPIRATORY ENZYMES 
IN SINGLE LIVING CELLS 


Absorbancy Measurements on the Nebenkern 


By Dr. ROBERT P. PERRY*, Dr. Bo THORELL, Dr. LENNART AKERMAN 
and Pror. BRITTON CHANCE 


Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pennsylvania, 
and Department of Pathology, Karolinska Institute, Stockholm 


/ STUDY and selection of appropriate optical, able situation for the study of small amounts of 
A electronic, and photoelectric components now biological materials in that measurements can be 
ermits remarkable sensitivity in the detection of localized to specific parts of single living cells, and the 
‘mall changes of absorbancy caused by enzyme cells themselves may be selected on the basis of 
eactions in living materials. In the case of suspen- temporal or morphological criteria. Hitherto, how- 
-ions of whole cells or cell particles, a detectability ever, it has been used mainly for the evaluation of 
‘f 10-12 mole can be achieved without difficulty in a substances present in relatively high concentrations, 
l-e.e. cuvette of a recording spectrophotometer!. such as proteins and nucleic acids*, and for studies of 
\licrospectrophotometry affords an even more favour- the formation of hemoglobin in erythroid cells**. 
So far only limited success has been had in measuring 
those pigments of the single cell which are present 


* Present address: Laboratory of Animal Morphology, Free Univer- 
ty of Brussels, Belgium. 
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in ‘enzyme’ concentrations, since this requires sensi- 
tivities in measuring changes of absorbancy between 
one-tenth and one per cent over an aperture of about 
a micron. 

This communication reports the application of a 
combination of a highly sensitive recording circuit 
and the microscopic technique® which permits 
the assay of the cytochromes localized in single 
mitochondrial aggregates, particularly the 5-2 dia- 
meter Nebenkern of grasshopper spermatids, with an 
accuracy of several per cent. This sensitivity allows 
the detection of 10-*° mole or 6,000 molecules of the 
cellular enzyme, cytochrome 0b. The following 
communication describes localized measurement of 
the fluorescence of pyridine nucleotide of the Neben- 
kern and that of mitochondrial aggregates of other 
types of cells with a sensitivity comparable to that 
of this instrument. 

The optical system used is similar to that described 
by Thorell and Akerman‘. It employs a 250-mm. 
focus, grating monochromator, a 1-6-mm. Grey 
reflecting water-immersion condenser and objective 
(N.A.=1-0), and a 3-5 © quartz ocular which pro- 
jects the beam on to a vibrating mirror assembly. 
The photomultiplier is type 1728 and operates in the 
range of total voltage 400-650 V. The tungsten lamp 
is given an overvoltage of approximately 30 per cent 
to provide adequate illumination. The spectral inter- 
val of the monochromator is approximately 3 mu. 
The amplitude of the vibrating mirror corresponds 
to approximately 12u. The hole in front of the photo- 
cell corresponds to a 1-5-y. diameter aperture. 

The electronic circuit incorporates the dynode 
feedback circuit of Picard® as previously used by 
Yang? and Akerman’. The circuit is insensitive to 
grid and dark currents, and will operate at very low 
signal-to-noise ratios due to a switching circuit that 
adds a signal to the phototube output exactly equal 
to that of the reference signal (~ 1 V.). Thus the 
output wave-form consists of alternate pulses : 
reference beam, dark, measuring beam, dark, in a 
balanced wave-form with no ‘pips’ for equal reference 
and measurement signals (Fig. 1). This signal 
can be highly amplified without amplifier overload 
and demodulated to give appropriate signals for 
control of the dynode voltage (reference minus dark) 
or measurement of absorbancy (reference minus 
measure). The noise-level of the spectrophotometer 
at 420 my is about 10-! in optical density units with 
a 2-5-sec. time constant. 


D R D M 


v \ f/f” 
T inbiniongs he Reference voltage 
inserted 


Closure of 
—— ae R-M switch 


Photocurrent 


Closure of 
R-D switch 


Fig. 1. Wave-form diagram illustrating the principle of operation 
of the electronic circuit of the microspectrophotometer. As indi- 
cated in the left-hand scale, the amplitude of the wave-form is 
slightly less than 1 V. The top trace represents the wave-form 
of the photocurrent after electron amplification. The portions 
labelled D are those corresponding to the dark interval and those 
labelled R and M refer to the intervals during which the light 
passes through the material in the reference and measuring areas. 
The second trace represents the wave-form after 1 V. has been 
inserted into the wave-form at intervals R and M. A measure- 
ment of the absorbancy difference between the R and M optical 
paths is made by a closure of the R- M switch. Control of the 
dynode voltage for the photocell in response to any deviation of 
the R-—D difference from 1 V. is measured by the closure of the 
R-—D switch (MD —- 82) 
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Fig. 2. Spectrum of anaerobic spermatid. Trace A represents the 

difference of absorbancy between the Nebenkern and the adjoin- 

ing free space. Trace B represents the difference between the 

cytoplasm of the cell and the adjacent free space. The recording 
is on a linear wave-length scale (RP - 1) 


Spermatid preparations were made from mature 
grasshoppers by Belar’s method*®. The cells were 
confined between a slide and coverslip suspended 
in about 3 ul. of buffer. Aerobic conditions were 
obtained in glucose-free suspensions for approxi- 
mately 13 hr. observation. Thereafter cell respiration 
exhausted the oxygen and the material contained in 
the suspension became anaerobic. By this simple 
method it was possible to obtain, in one experiment 
on a single Nehbenkern, spectra corresponding to the 


oxidized and reduced forms of the cytochromes. If 


glucose was added to the buffer, anaerobic conditions 
were attained a few minutes after preparation. The 
anaerobiosis was monitored by the inclusion of some 
human erythrocytes under the coverslip, and the 
time of anaerobiosis was checked from measurements 
of the characteristic shift of the hemoglobin absorp- 
tion bands}. 

Fig. 2 shows two traces obtained from a single 
anaerobic spermatid in a preparation treated with 
glucose. Curve A illustrates the absorbance of the 
Nebenkern measured with respect to the surrounding 
free space; curve B records the absorbance of the 
cytoplasm of the spermatid, also with respect to the 
surrounding free space. The Nebenkern shows an 
absorption maximum at 420 my. with a distinctive 
shoulder at 434 mu. 

Observations of the Nebenkern in a glucose-free 
suspension 70 min. after closing the preparation 
with a coverslip show a single peak at approxi- 
mately 413 my, such as that shown in Fig. 3. Other 
experiments in which the spermatid respiration was 
inhibited by iodoacetate show, for a considerable 
interval, the single peak characteristic of the cyto- 
chromes, mainly in the oxidized state. 

The measurement of the Nebenkern under aerobic 
oer anaerobic conditions invariably gives clear Sore! 


4l3myp 
D 


4 
AOD =000065 
F 
> 25 mye 
Fig. 3. Spectrum of aerobic spermatid, Nebenkern versus nucleus. 


Spectrum recorded 70 min. after preparation of glucose-free 
material (RP — 6) 
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413 my for aerobic conditions and 420 and 
434 mu for anaerobic conditions. These are almost 
identical with the theoretical composite curves 
constructed from the known spectra of reduced or 
oxidized cytochromes a, a3, b, and ¢ mixed on an 
approximately equimolar basis. Preliminary attempts 
have been made to examine the alpha bands of the 
cytochromes, but inadequate sensitivity is available 

ith the light intensity, photosensitivity, and response 

ines used at present. However, some encouraging 
preliminary results have been obtained with liver cells, 
as described in the third communication of this series. 

The curves of cytoplasm or nucleus versus free space 
are monotonic functions which may show a systematic 
deviation corresponding to about 2» 10°* optical 
density units per 100 my change of wave-length. 
The direction of the shift is variable and depends upon 
the combination of instrumental error and differences 
of light-scattering in the specimen. 

Errors due to the motion of the cell can be 
readily observed and precautions are taken to record 
only those cells which are immobilized at the glass 
surface by surface tension or are entangled in the 
tails of mature sperm. The error due to motion can 
be negligible under favourable conditions compared 
to the intrinsic noise of the spectrophotometer. The 
average reproducibility for several curves is approxi- 
mately 3 x 10-4 optical density units. 

The remarkable absorption of the Nebenkern and 
the lack of any significant absorption, in this wave- 
length range, of the cytoplasm give direct support 
to the current idea that the bulk of the respiratory 
activity is associated with the mitochondrial bodies. 
lhe experiments reported here show that the Nehen- 
kern contains in vivo at least 50 times more cvto- 


peaks : 


i 
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chromes per unit volume than any other comparable 
part of the cell. 

An estimate of the concentration of cytochrome in 
the single Nebenkern based upon these data (A O.D. 
at 425-430 my = 5 10-%), an extinction coefficient 
of reduced cytochrome 6 of 160 ¢m.-! mM-}, and an 
estimate of 60 per cent contribution of cytochrome 
b to this peak, gives an effective concentration 
of 36 umoles per litre over a 7:5u% volume of the 
Nebenkern. Assuming equimolar amounts of the four 
principal cytochromes, the total cytochrome concen- 
tration is 144 umoles per litre or about 10° molecules 
per v3. If the difference of optical density is expressed 
in terms of the amount of cytochrome b in a 7-5-3 
volume, one obtains 5 » 10-1" mole or 30,000 molecules. 
Since the signal-to-noise ratio is about 50:1, the 
error in detection corresponds to 10°-2° mole or 6,000 
molecules. This value compares very favourably 
with that obtained by any other method for the 
determination of the amount of an enzyme concen- 
tration in vivo. 

This investigation was supported in part by grants 
from the National Science Foundation, the U.S. 
Office of Naval Research, and the Swedish Medical 
Research Council. 
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Fluorescence Measurements of Mitochondrial Pyridine Nucleotide in 
Aerobiosis and Anaerobiosis 


By Pror. BRITTON CHANCE 
Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pennsylvania 
AND 


Dr. Bo THORELL 


Department of Pathology, Karolinska Institute, Stockholm 


YPECTROSCOPIC observations of the large pyrid- 
S ine nucleotide content of isolated mitochondria! 
were recently supplemented by the demonstration of 
the intensified and shifted fluorescence of this sub- 
stance in mitochondria?. These results direct atten- 
tion to the possibility of a close relationship between 
the blue autofluorescence of the living cells and that 
of the reduced pyridine nucleotide component of 
the mitochondria!-*. This communication describes 
photoelectric measurements of fluorescence of mito- 
chondrial bodies in the grasshopper spermatocyte. 
The localization of blue fluorescence in mitochondrial 
avgregates has been demonstrated, and quantitative 
ineasurements of the kinetics of changes in response 
© aerobiosis and anaerobiosis have been made. A 
comparison of the fluorescence of mitochondrial 
avgregates and the neighbouring cytoplasm during 

iis change from aerobiosis to anaerobiosis may lead 


’ a much clearer understanding of the dynamics of 


iuteraction of the cytoplasmic and mitochondrial 
pyridine nucleotide in vivo. While the present tech- 
nique has been applied only to cells showing large 
nitochondrial aggregates, the excellent performance 
obtained under these conditions may allow the study 


of much smaller numbers of mitochondria. The 
combination of this instrument for measuring the 
mitochondrial pyridine nucleotide with that of a 
sensitive microspectrophotometer (see preceding com- 
munication) for the study of the cytochromes may 
provide a new method for following metabolic changes 
in cytologically defined parts of the living cell. 

The 1,000-watt. A4H6 mercury are illumination was 
filtered by means of a water-cooled Corning 584 
filter (Marshall, personal communication), and by 
an ‘Eppendorf’ 366 my multi-component _ filter. 
Dark-field cardioid illumination of the sample was 
observed through a 100» adjustable aperture lens 
set at N.A.=1-00 and a 10 ocular. A _ 60-c./s. 
vibrating diaphragm’ with an effective 5-u aperture 
sweeps through an effective distance of 1l5u and 
allows comparison of the intensity of fluorescent 
portions of the cell and the adjacent free space by 
means of an electron multiplier photocell. The 
intensity of the a.c.-operated mercury lamp reaches 
a maximum at the excursions of the vibrating dia- 
phragm (see Fig. 1). Simultaneously, an electronic 
switch communicates signals to a storage condenser 
so that the difference of the intensities at the peaks of 
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Fig. 1. Wave-form diagram indicating the time relations of the 
light intensity, photocurrent, and switch closure for the micro- 
fluorimeter. The top line represents the time-variation of the 
intensity of the mercury are lamp. The modulation frequency 
is 120 ¢./s., and the amplitude of modulation is nearly 100 per 
cent. The second wave-form is that of the photocurrent after 
electron amplification. (An increase of current is indicated by 
a downward defiexion.) This wave-form is in response to a 
fluorescent object in the M position of the aperture, and the sur- 
rounding free space in the R aperture; the distance between M 
and R is approximately 15u. As indicated at the bottom of the 
trace, the closure of a synchronized mechanical switch is co- 
incident with the peak of the M and R wave-forms. The electronic 
circuit measures the difference between the amplitudes of the 
photocurrent at the M and R intervals (MD —- 83) 


Switch 
Closure 








the excursions of the diaphragm are recorded by a 
millivoltmeter, the sensitivity of which is 1 mV. for 
10-16 amp. of primary photocurrent. The average 
signal from the mitochondrial aggregate or Nebenkern 
(4 x 10-¥® amp.) gives a signal-to-noise ratio of 
the order of 30:1 with a time constant of about 
2 sec. 

Localization of fluorescence in grasshopper spermatid, 
Fig. 2a represents recordings of fluorescence intensity 
as a function of time for two positions of the measur- 
ing aperture with respect to the cell. At the left of 
the graph, the abrupt downward deflexion of the 
trace indicates opening of the photocell shutter and 
the maximal downward deflexion corresponds to the 
intensity of fluorescence of the Nebenkern measured 
with respect to the free space surrounding the cell. 
By an adjustment of the air pressure on the movable 
stage® the cell is moved so that one aperture coincides 
with the cytoplasm. Here a 50 per cent diminution 
of the intensity is noted. The specimen (moved a 
distance of about 5y) is then returned to its initial 
position so that the Nebenkern again coincides with 
the aperture, and the previous value of fluorescence 
intensity is obtained. The record ends with the 
closing of the shutter. In this way the fluorescence 
intensities of different portions of the cell can be 
scanned. A schematic diagram of such a study 
(Fig. 2b) indicates intensity measurements corre- 
sponding to the free space, cytoplasm, and Nebenkern, 
the width of the rectangles corresponding to the 
half-power response of the measuring aperture. 
These results suggest that the fluorescence of the 
cell is highly localized in the Nebenkern body. 

The study of many anaerobic spermatids having 
Nebenkern indicates that the ratio of the fluorescence 
signal of the Nebenkern to that of the cytoplasm varies 
from a minimum of 1-:7:1 to a maximum of 6: 1, 
the average for ten cells being 3-3: 1. The variation 
of these values may be due to a number of factors ; 
for example, the position of the Nebenkern or the 
thickness of the cytoplasm in which a measurement 
is being made or the metabolic state of the spermatid. 
A significantly higher fluorescence has been observed 
in the nucleus than in the cytoplasm, values ranging 
as high as 2:1. However, the biochemical signi- 
ficance of fluorescence other than that of the Neben- 
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kern requires studies of its biochemical response to 
different oxidation-reduction conditions as described 
below. 

Biochemical response of the intensity of fluorescence. 
In order to subject the Nebenkern of the living cell to 
a metabolic change which would specifically identify 
its fluorescence with that of mitochondrial reduced 
pyridine nucleotide of the respiratory chain, we have 
followed its time course in the transition from aero- 
biosis to anaerobiosis (see Fig. 3). As described in the 
preceding communication, glucose-free spermatids 
will exhaust the oxygen under a coverslip in about 
90 min. In the microfluorimeter, a coverslip of smaller 
diameter and a smaller liquid volume are used. It 
is calculated that anaerobiosis can be expected in 
about 40 min. The right-hand portion of Fig. 3 
(open circles) shows the fluorescence as a function 
of the time after excluding air from the preparation 
The fluorescence of the Nebenkern rises slowly for 
40 min. and then abruptly until a total of 60 min. 
has elapsed. Thereafter, the fluorescence of the 
Nebenkern is constant. Measurements of the cyto- 


plasmic fluorescence (solid circles) indicate no rise of 


fluorescence over the 90-min. interval and there is 
some indication of a slight decrease. In order to 
avoid prolonged ultra-violet radiation of a particular 
cell, three cells were studied in the course of the 
experiment and they are identified by the numbers 
along the abscissa. In order to diminish instrumental] 
error and any differences between the cells which 
might contribute an error to the right-hand portion 
of the figure, the results are plotted in the left-hand 
portion in terms of the ratio of the Nebenkern fluor- 
escence to the cytoplasmic fluorescence ; it is seen 
that the fluorescence increases slowly for the first 
40 min., and then rises abruptly between 40 and 
55 min. to reach a plateau which is maintained there- 
after. This behaviour is characteristic of the transition 
from the oxidized to the reduced state of mito- 
chondrial pyridine nucleotide in the transition from 
aerobiosis to anaerobiosis?.?.°, 
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Fig. 2a. 
intensity of two portions of the grasshopper spermatid under 


An example of the measurement of the fluorescence 


anaerobic conditions. The phototube shutter is opened and 
closed at the points labelled ‘on’ and ‘off’. The time scale runs 
from left to right ;_ the initial reading is made with the measuring 
aperture on the Nebenkern and the reference aperture on the 
free space (VK-F'S). The specimen is then moved 5u by means 
of a flexible quartz plate, after which the tracing records the 
fluorescence intensity of the cytoplasm (CY-FS). The specimen 
is then returned to the initial position (VN AK-FS) and the shutter 
is closed. The scale indicates the primary photo-current 
(1 x 10-'* amp. per 5 scale divisions) (925a) 
Fig. 2b. Scan of fluorescence intensities of anaerobic grasshopper 
spermatid. The cell is moved with respect to the measurement 
aperture by means of the flexible quartz plate and positions are 
chosen with the measurement aperture on the free space, cyto- 
plasm, and Nebenkern. The cell boundary is approximately at 
the 10u position on the scale of the abscissa (920a) ~ 
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Discussion. The blue autofluor- 
escence of living cells and tissues has 
been indirectly associated with mito- 
chondrial bodies by Sjéstrand*, who 
i ee has studied in detail the fluorescence 


oe 


Fs 
/ © 








ee ll ie Dae ae 

= @ characteristics of thiamin and frozen 

(o) 2 2.3.3 _ 44 dry sections of axons and of ribo- 

0--—r 7 T * T T x | T T T a ci a. ; 7 : 

0 Oo 50 flavin in acid-treated groups of 

time (min.) time (min) kidney cells (Sjéstrand, unpublished 

work). However, no detailed in- 

Fiz. 3. Time-course of the fluorescence changes of the Nebenkern (open circles) and the vestigations of the fluorescence of 


oplasm (solid circles) of a grasshopper spermatid during the aerobic—anaerobic transi- 
m. On the right, the independent determinationsin the cytoplasm and on the Nebenkern 
The abrupt discontinuity 
15 min. corresponds to the expected time for the exhaustion of oxygen under the cover- 
p. The numbers adjacent to the circles refer to the cell which is under observation 


are plotted ; on the left, the ratios of the two measurements. 


(922a,b) 


These results appear to identify the Nebenkern 
fluorescence with that of reduced pyridine nucleotide. 
If we assume that the cytoplasmic fluorescence is 
also due to pyridine nucleotide, these results suggest 
that there is no rapid change of the oxidation- 

duction state of cytoplasmic pyridine nucleotide 
of the grasshopper spermatid associated with the 
acrobic—anaerobic transition. 

Studies of other cells. Cells which do not show 
a distinctive localization of mitochondria, as does 
the grasshopper spermatid. do not permit a dis- 
tinction between cytoplasmic and mitochondrial 
fluorescence. However, in the anaerobic state, the 
vieater fluorescence of mitochondrial material would 
lead at least to a preponderance of mitochondrial 
elfects. For example, observations of the effects 
of the transition from aerobiosis to anaerobiosis 
can be observed by measurements of the brighter 
portions in the cytoplasm of ascites tumour cells. 
In these cells, the fluorescence is constant for 
about 10 min., rises for an interval of 10 min., and 
then remains approximately constant (Fig. 4). <A 
comparison of this graph with the right-hand portion 
of Fig. 3 (open circles) shows that the percentage 
ncrease is considerably less for a cell in which both 
cytoplasmic and mitochondrial fluorescences are 
summed ; in fact, a curve similar to that of Fig. 4 
can reé dily be constructed from the results of Fig. 3 
if one plots the sum of mitochondrial and cyto- 
plasmic fluorescence as a function of time. 
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Fig. 4. Time-course of the fluorescence changes of an ascites 
tumour cell during the aerobic—anaerobic transition. The 
ecording is taken from what appears to be a mitochondrial aggre- 
gate in the cytoplasm of the cell. ‘Calculated time for anaero- 
siosis’ represents the number of minutes it should have taken 
the suspension to become anaerobic, if the respiratory-rate 
neasured in the bulk phase — for the microscopic sample 
(929a) 


It would appear therefore that, in spite of the 
inferior localization obtained with the ascites tumour 
substantially the same results are obtained in 
ie aerobic—anaerobic transition. Similar results 


ive been obtained for pentaploid yeast cells, and 
)reliminary studies of the application of this method 
to the kinetics of transfer of mitochondrial material 
{vom the mother to the daughter cell in budding yeast 
have been made. 


the living tissue were possible due to 
its relatively lower intensity. Inde- 
pendent developments in the study 
of fluorescence of solutions of re- 
dueed pyridine nucleotide by Boyer 
and Theorellt and by Duysens and Kronenberg® 
have shown a characteristic shift and an enhance- 
ment of this fluorescence in the presence of enzymes 
which will bind the coenzyme. The peak of this 
fluorescence is approximately 443 my. Duysens and 
Amesz® have recorded a similar fluorescence in sus- 
pensions of yeast cells. Spectroscopic observations of 
the high content of pyridine nucleotide in isolated 
mitochondria!.® have led to a study of their fluor- 
escence®. Here again a maximum at 443 my. is ob- 
tained, suggesting that the reduced pyridine nucleo- 
tide of the mitochondria is in a bound form, and there- 
fore that the blue autofluorescence of mitochondria 
of living cells may well be associated with its bound 
reduced pyridine nucleotide. The experiments 
reported here verify the localization of a fluorescence 
characteristic of reduced pyridine nucleotide in the 
mitochondrial aggregate of the grasshopper spermatid 
and also show .-that it has excitation and emission 
characteristics which are not inconsistent with those 
of reduced pyridine nucleotide. However, the fol- 
lowing kinetic data give the most direct support for 
this supposition. 

First, the change of fluorescence in the grasshopper 
spermatid occurs at the time expected for anaero- 
biosis in view of the calculated respiratory activity 
of the cells. Second, the change of fluorescence is an 
increase, as expected from studies of suspensions of 
mitochondria or intact cells, that is, where increased 
reduction of pyridine nucleotide occurring in the 
aerobic—anaerobic transition leads to increased fluor- 
escence of intramitochondrial pyridine nucleotide. 
Thirdly, the fact that the Nebenkern shows some 
fluorescence in the aerobic state is consistent with 
the observation of a partial reduction of pyridine 
nucleotide in the steady state of metabolism, pro- 
vided substrate is present. Thus, reduced pyridine 
nucleotide could readily account for nearly all the 
fluorescence of the Nebenkern. This confirms observa- 
tions of suspensions of liver mitochondria in which 
complete oxidation of intramitochondrial pyridine 
nucleotide removes the bulk of fluorescence that is 
excited in the wave-length region 340-366 mu (ref. 2). 

The fact that fluorescence of the Nebenkern is 
considerably less than that of the cytoplasm in the 
aerobic celi and increases to a value considerably 
greater than in the anaerobic cell is also significant. 
Since pyridine nucleotide is present in the cytoplasm, 
and may well be bound to dehydrogenases and hence 
have shifted and intensified fluorescence, it appears 
reasonable to attribute the cytoplasmic fluorescence, 
at least in part, to this substance. On this basis we 
conclude that a change in the oxidation-reduction 
state of the mitochondrial pyridine nucleotide by a 
factor >3 has no measurable effect upon that of 
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the cytoplasm: this is a demonstration in vivo of 
the phenomenon of impermeability of mitochondria 
to reduced pyridine nucleotide. While this pheno- 
menon has been accepted on the basis of in vitro 
experiments!®, the possibility existed that the 
impermeability of the mitochondrion may have been 
acquired during isolation, for example, by its envelop- 
ment in the endoplasmic reticulum (ref. 11, also 
personal communication). Within the framework of 
the assumptions here, we can put forward evidence, 
at least for the grasshopper spermatid, of the un- 
reactivity of the mitochondrial membrane to cyto- 
plasmic pyridine nucleotide in vivo. This observation 
is of considerable importance in the study of meta- 
bolic contro] and in the dynamics of interaction of 
intracellular bodies!?. In cells that fail to show the 
extent of mitochondrial aggregation observed in the 
Nebenkern, we are at present unable to give further 
data on this point. 


Absorbancy Measurements 
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assistance in these studies. 
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on Liver and Kidney Cells 


By Dr. BO THORELL and Pror. BRITTON CHANCE 


Department of Pathology, Karolinska Institute, 
University of Pennsylvania, 


N the multicomponent reaction system of the living 
cell, the organization and spatial distribution of 
the different enzymes are of fundamental importance. 
During the past much data have been 
obtained about the localization of enzymes in various 
cellular structures. 


decade, 


A further step towards a more 
integrated and physiologically adequate picture of 
the cell functions can be 
systems are studied in situ. 


made if these enzyme 


This communication reports the localization and 
assay of respiratory enzymes (cytochromes) in areas 
of 1-5u diameter in the cytoplasm of single, living 
rat liver and kidney cells under different external 
conditions as regards the oxygen tension, namely, 
under aerobic and anaerobic states. The analyses 
were made by recording the specifie light absorption 
(magnitude about | per cent) in the Soret wave-length 
region with the highly sensitive microspectrophoto- 
meter outlined in the first communication of this 
group. 

Single parenchyma cells from the liver or kidney- 
cortex of adult Wistar rats were teased out in a drop 
of Krebs-Ringer solution on a microscope slide with 
a small scalpel and a needle. After a coverslip had 
been put on, the cells were washed with a few 
drops of Krebs-Ringer solution sucked through the 
preparation by a piece of filter paper. To obtain 
ethanol-treated, starved yeast cells 
were incorporated in the preparation prior to sealing 
it with paraffin wax around the coverslip edges. 
Without the yeast, aerobic conditions of the cells were 
obtained for several hours. The state of each prepara- 
tion was checked by measurement of the hzemo- 
globin absorption bands in added human 
erythrocytes'. 

The microspectrophotometer is described in detail 
The microscope optics were a 1-6 mm. 
Grey — reflecting water-immersion condenser and 
1-0 N.A. objective. A 3-5 quartz ocular projected 
the image via a vibrating mirror assembly’ on to 
the photomultiplier aperture. The location of the 


anaerobiosis, 


some 


elsewhere?. 


cell image on the light-receiving system was con- 
trolled by means of an interchangeable cross-hair. 


Stockholm, and Johnson Research Foundation, 
Philadelphia, Pennsylvania 


The areas in the cell selected for absorption measure- 
ments were 1-5u in diameter. The ‘reference area’ 
in the preparation was at a distance of 124 from the 
measurement area and care was taken to choose as 
clear a space as possible to provide ‘absolute’ spectra. 

On the light-absorption records obtained, an 
empirical wave-length calibration was made by 
tracing the 415-mu maximum of the erythrocyte 
oxyhemoglobin with the identical wave-length 
scanning speed and time constant as in the othe 
measurements. In this way the cytochrome absorp- 
tion maxima could be estimated within 2 mu. 

Figs. la and b show typical sets of absorption curves 
from points in the cytoplasm of single liver and kidney 
cells, where the anaerobic state was ensured by the 
presence of respiring yeast cells. In the various 
curves three distinctive absorption maxima _ 01 
‘shoulders’ appear at 415, 423 and 445 my. 

If the yeast cells were omitted and the density of 
the rat. parenchyma cells was low enough to permit 
the aerobic state during several hours, the changes 
in the state of the respiratory enzymes could be 
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Fig. la. Group of absorption spectra from different points in the 
anaerobic liver cell cytoplasm. Trace B represents a base-line 
(free space versus another free space). The records are on a linear 
wave-length scale 
Fig. 1b. Absorption spectra from adjacent sites (1-4) in the 
cytoplasm of an anaerobic kidney cell. The locations of the four 
different areas correspond approximately to the four arms of the 
cross in the inset diagram 
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obviously multicomponent curves in Fig. 1b were 
1.07 % ABS obtained within a very small optical cross-sectional 
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rig. 2. Spectra from an area of 1-54 diameter in a liver-cell 


cytoplasm during the aerobic (bottom record) and subsequent 

anaerobie (top record) states. The second spectrum was recorded 

ifter an interval of 30 min., during which the hamoglobin absorp- 

tion of an adjacent human erythrocyte shifted as shown by the 
two left-hand records 


recorded within the same, single cell. Fig. 2 shows 
such an experiment, in which the hemoglobin 
absorption of an adjacent erythrocyte was 
recorded. The reduction of the red cell hemoglobin, 
which in this particular experiment preceded by 
about 20 min. the absorption changes in the intra- 
cellular indicated that the 
concentration in the medium was less than 20 
mole per litre. 

The results show that absorption bands of the 
luemoprotein type can be obtained from small areas 
7=1]-5u) in the single intact mammalian cell. The 
shift in the absorption maxima which occurred parallel 
with changes in the oxygen tension indicates that the 
specific absorptions are due to respiratory enzymes. 
rhe orders of magnitude of the absorptions measured 
in the single liver cell (about 1 per cent) are the same 
as can be caleulated theoretically for cytochromes?.'. 

If the spectra obtained from the single intact cells 
are compared with the spectra of purified cyto- 
chromes, the main peaks at 408 ox, and 41 5yeq,. 423req. 
and 445;eq, will correspond to the Soret absorption 
hands of cytochrome c, 6b and a respectively. 

The strictly quantitative interpretation of the 
absorption spectra from such optically inhomo- 
veneous materials as liver and kidney cells is more 
difficult than in the case of the geometrically 


also 


eytochromes, oxvgen 


10-6 


area (about 2 «1-5y?). The different proportions of 
the components found at adjacent can be 
explained either by the presence of structures con- 
taining varying proportions of cytochromes, or by 
changes in the layering of a few distinct structures 
along the microspectrophotommtric light-path through 
the cell. 

If the present @ vivo microspectrophotometric 
results are compared with the data on enzyme dis- 
tribution obtained from the bulk isolation of cellular 
components, some apparently contradictory points 
emerge. The rather pronounced absorption band 
408,x.-415rea, in practically every part of the liver 
cell cytoplasm indicates large amounts of a cyto- 
chrome unlike );. The same absorption bands are 
also present in the large particle-free homogeneous 
cytoplasmic area (‘endoplasm’) of the ultrva-centri- 
fuged but otherwise intact liver cell’. Cytochrome 6;, 
which can be isolated from the ‘microsomal’ liver-cell 
fraction, has bands (4130x.~423req.)*. Different 
explanations for this discrepancy can be put forward : 
for example, that the isolated ‘microsomal’ fraction 
might constitute only a minor part of the ‘endoplasm 
and that a cytochrome might have been lost during 
the isolation procedure. Some support for the exist- 
ence of a difference between the spectral character 
of the DPNH-reducible pigments and that of the 
isolated microsomes is emerging from studies of sus- 
pensions of liver cells (Chance and Rutter, unpub- 
lished observations). In any event, the studies 
reported here underline the importance of structural 
interpretations of absorption spectra obtained micro- 
spectrophotometrically from the highly 
enzyme system of the living cell. 

The main conclusion from the results 
described is that it is possible to analyse components 
of the respiratory system and to define the metabolic 
state of parts of the single intact mammalian cell. 

This research has been supported by grants from 
the Swedish Medical Research Council, the National 
Science Foundation, and the Office of Naval Research. 
Z Thorell, bB.,and Akerman, L., Exp. Cell Research, Supp.,4, 83 (1957). 
?Chance, B., Perry, R., Akerman, L., and Thorell, B., Rev. Sei. 

Instr., 80, 735 (1959). 

Chance, B., and Williams, G. R., J. Biol. Chem., 221, 477 (1956). 
‘ Thorell, B., “Adv. Biol. Med. Physics’, 6, 95 (1958). 
Thorell, B., and Chance, B., Exp. Cell Research (in the press). 
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emerging 


CELL AND ORGAN CULTURE 


....: of cell cultivation are being 
increasingly applied in all fields of biological 
esearch. Recent developments in these methods and 
n their application to cancer research were described 
'v four speakers at a session of Section I (Physiology 
nd Biochemistry) of the recent British Association 
weting at York. Cell and organ culture techniques 
ake possible the rapid proliferation of animal and 
uman cells outside the body, and the maintenance 
/ vitro of small organs or sections of organs in a 
lealthy condition. It was appropriate that the chair- 
tuan on this occasion was Dr. E. N. Willmer, one of 
the leading authorities on tissue culture techniques 
nd research in the United Kingdom. 
The first paper was concerned with recent technical 
advances in cell culture and was given by Dr. J. Paul 





(HERT Tissue Culture Laboratory, University of 
Glasgow). As Dr. Paul explained, tissue culture really 
began fifty years ago with Dr. Ross Harrison’s 
demonstration that axons would grow out of nerve 
cells cultivated on frog lymph. Although the prin- 
ciples of the technique were at that time clearly 
stated, only a few biologists followed up this work 
with enthusiasm and success. One of the common 
objections to tissue culture in its first years was that 
the cells which grew were ‘neither one thing nor 
another’. When tissues were explanted in a way 
which encouraged the rapid multiplication of cells, 
the organized pattern of the organ was destroyed and 
the cells which appeared could only be classified in 
most cases as either fibroblastic or epithelial. If the 
original morphology was retained, the cells developed 
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abnormal features and deteriorated too rapidly for 
useful investigations to be undertaken. An outstand- 
ing achievement in the pioneer phase was the demon- 
stration in Alexis Carrel’s laboratory that avian cells 
could be induced to multiply indefinitely. This 
particular cell strain lasted for thirty years—several 
times the life-span of the fowl—and only died out 
when there was no one available to keep up the 
routine feeding and sub-culturing. 

Dr. Paul described, with the aid of excellent dia- 
grams, how the mechanization of the technique during 
the past ten years had led to its increasing uso in 
research laboratories and in the pharmaceutical indus- 
try. Although the hard work of developing correct 
procedures had been done before 1949, the impetus 
for a rapid advance came from the demonstration by 
Knders and his colleagues that poliomyelitis virus 
would multiply in cultures of non-nervous origin. 
This was followed by the successful use of trypsin 
for producing suspensions of living cells from body 
tissues, a technical trick which made easier the large- 
scale cultivation of cells. Cultures of this type grow 
in an unorganized manner, and they may, as occasion- 
ally happens, produce permanent cell strains. Cells 
cultured from tumour tissue also grow indefinitely, 
and these permanent strains of different origin are 
available to any laboratory for investigations on their 
nutritional requirements and metabolism, and for 
virus and cancer research. 

Such strains are, of course, specially adapted to 
grow in culture conditions and, genetically, they may 
form a most heterogeneous population. Another 
technical advance which opened the way to the study 
of the genetics of somatic cells was the discovery that 
single mammalian cells could be induced to multiply 
and form clones with distinctive features. This was 
first accomplished by Dr. Katherine Sanford at 
Bethesda, who developed an ingenious, although 
tedious, method of cultivating single cells within 
capillary tubes. Easier methods of cloning cells from 
permanent strains have since boen devised, and the 
sublines are being used to study, for example, varia- 
tions in the malignancy of cells and their response to 
irradiation. 

The second paper in the session, by Dr. O. A. 
Trowell (Medical Research Council Radiobiological 
Unit, Harwell), was an entertaining account of the 
principles and practice of organ culture. The aim of 
this technique is to preserve the normal histology and 
functioning of the organ cells outside the body. Its 
success largely depends upon suppressing the out- 
growth of cells, the principle originally demonstrated 
by Dr. Honor Fell in the cultivation of embryonic 
limb-buds. Dr. Trowell explained that the business 
of physiology is to find out how the animal body 
works and that the logical approach is to study the 
different organs one at a time. This can be done either 
by observing the behaviour of the organ in the intact 
animal in various states of bodily activity or by 
cutting the organ out of the body and studying its 
behaviour and capabilities under artificial but com- 
pletely controlled conditions. These appcoaches are 
complementary, and his own choice was to study the 
isolated organ in vitro. The outcome of this approach 
depended upon keeping the tissuo alive as long as 
possible, since there are many physiological and 
pathological responses of organs which take several 
days to develop. Dr. Trowell had, therefore, set out 
to study systematically the conditions which would 
maintain organ tissue in a healthy condition for a 
week or more. 
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The diffusion of oxygen and nutrients into all the 
cells of the organ culture can only be ensured by using 
tiny organs 2 mm. in diameter, such as pituitary. 
thyroid, adrenal, ovary and lymph nodes of rats and 
mice. With larger organs, it is necessary to cut of! 
2 mm. soctions of tissue. Cultivation by immersion of 
the tissue in the medium proved unsuccessful becaust 
of the low solubility of oxygen, and efficient stirring 
of the medium only increased cellular damage. The 
oxygenation problem is solved by allowing the organ 
cultures to project into the gas phase. The tissues 
are, consequently, supported on a stainless steel 
grid, covered with fine tissue paper which is level 
with the surface of the medium. The grid, in its 
shallow dish, is kept in an atmosphere of oxygon at 
body temperature inside a sterile aluminium con- 
tainer. With this apparatus, many organs can be 
kept alive for as long as nine days; each | in. square 
grid can carry up to twenty cultures, and the medium 
can be sucked off and replaced without disturbing 
the tissues. Culture conditions are completels 
standardized by the use of a chemically defined 
medium. 

Larger organ cultures would be an advantage, and 
Dr. Trowell hopes to achieve this by using tissue from 
horses and cows which have ‘built into’ their cells a 
much lower oxygen consumption and metabolism 
than is found in the cells from rats and mice. Cultures 
of cow tissue have shown that this is a feasible way of 
overcoming the limiting effect of oxygen diffusion 
By adopting a ‘mixed grill’ technique, different organs. 
for example, endocrine organs and their target tissues. 
can be cultured in the same vessel, and their histology 
can be correlatod with metabolic effects revealed by 
the changing composition of the medium. 

The two remaining papers were concerned with the 
application of cell and organ culturo in cancer research 
Scientists and laymen who are still not convinced ot 
the connexion between lung cancer and cigarette 
smoking ask for direct proof of the causal relation 
ship. For the most sceptical, it is not sufficient to 
show, as has been done, that cigarette tar and the 
carcinogens it contains produce tumours in experi 
mental animals; the only acceptable proof is that 
they induce malignancy in human lung cells. Th 
organ culture technique used by Dr. Ilse Lasnitski 
(Strangeways Research Laboratory, Cambridge) pro- 
vides the most direct experimental approach possible 
Dr. Lasnitski described how she prepared lung cultures 
from human foetal tissue and how the explants would, 
under normal conditions, show the characteristic forma 
tion of bronchioli iv vitro. The normal histology ot 
these lung cultures and the abnormal changes pro 
duced by 3,4-benzpyrene and three types of cigarett« 
smoke condensate in the medium were beautifully 
illustrated by microphotographs of stained sections 
of the tissue. Two or three days of exposure to 
the carcinogen stimulated division of the epithelial 
cells, and in some sections taken from cultures about 
three weeks later cell proliferation had completely 
obliterated the lumen of the bronchioli. During the 
early stages the normal ciliary and secretory activity) 
of the epithelium was intensified by the carcinogen, 
but later the cells lost the characteristic features 
of bronchial epithelium. Occasionally, cells with 
abnormal mitotic chromosomes were found in the 
treated cultures. Dr. Lasnitski made it clear that 
there is, as yet, no proof that cancerous cells had 
been produced in these experiments. The changes 


observed might be precancerous, but proof of malig 
nancy would only be obtained if treated cultures 
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vould) produce tumour-like growth after hetero- 
ransplantation into experimental animals. 

The usefulness of organ culture was further illus- 
‘rated by Dr. Lasnitski’s research on another form 
of cancer. Malignancy of the prostate gland in men 

: one of the hazards of old age and it is of particular 
nterest to the investigator that this type of cancer 
can temporarily be controlled by treatment with 

‘male sex hormones. Cultures of mouse prostate 

land were exposed to a chemical carcinogen, this 

ime 20-methylcholanthrene, and again the epithelium 
if the alveoli became hyperplastic and produced a 
histology similar to that of skin. Dividing cells with 
wlyploid chromosomes were frequently seen in the 
cultures. As in cases of human tumours, the cell 
woliferation was dependent upon the hormone, since 
he hyperplastic action of the carcinogen was abolished 
1v the presence of cestrone in the medium and pre- 
erved by the male hormone, testosterone. — Dr. 

Lasnitski concluded by describing briefly investiga- 
‘ions on the metabolism of these cultures. Auto- 
radiographic studies, undertaken with Dr. S. R. Pele, 
howed that the carcinogen stimulated deoxyribo- 
nucleic acid synthesis in the epithelial cells, but 
inhibited deoxyribonucleic acid synthesis by fibro- 
blasts after 2-8 days treatment. Amino-acid uptake 
from the medium was investigated in collaboration 
with Dr. J. A. Lucey and it was found that leucine 
and iso-leucine were well utilized by normal and 
treated cultures. However, the uptake of arginine 
associated with normal cultures was decreased after 
a period of exposure to methylcholanthrene. 

In the fourth paper, Dr. I. Leslie (Department of 
Biochemistry, Queen’s University, Belfast) described 
the search for metabolic features which distinguish 
normal and cancer cells, and the opportunities pro- 
vided by cell culture for tackling this problem. Three 
coll types are being studied in Belfast. Normal cells 
are represented by short-term cultures of human 
fetal tissues, and malignant cells by the HEP 1 
strain, derived from a human carcinoma at the Sloan- 
Kettering Institute for Cancer Research, New York. 
The HIM strain came from liver cell cultures pre- 
pared from a human foetus in 1956. Unlike the other 
cells grown from this foetus, the 1M cells grow 
indefinitely in culture and, in this respect, they 
resemble the HEP 1 carcinoma cells. This ‘trans- 
formation’ of normal cells to an apparently ‘immortal’ 
form is not uncommon in cell culture and the process 
ix Open to investigation. It is important to find how 
far transformed cells resemble cancer cells and how 
far they retain the properties of the parent cells. The 
way in which these cells derive their energy from 
‘lucose was investigated in 1956 in collaboration 





NATURE 937 


with Drs. W. C. Fulton and R. Sinclair. According 
to Warburg’s original concept, the unique property 
of malignant cells is their ability to grow by means 
of the energy of fermentation, that is to say, the 
enzymic conversion of glucose to lactic acid. During 
proliferation in cell cultures, however, the normal 
(foetal) colls showed more intensive fermentation than 
the carcinoma or the transformed HLM cells. Other 
investigators have reported similar results, and 
Warburg’s recent studies on monolayer cultures of 
monkey kidney cells have caused him to change 
fundamentally his emphasis on fermentation as the 
essential feature of malignancy. 

The explanation of cancer has, therefore, to be 
sought elsewhere in the metabolism of the cell. Since 
1953, when Watson and Crick first described the 
deoxyribonucleic acid molecule and its process of 
replication, knowledge of cellular physiology has been 
progressing rapidly. As a working basis, Dr. Leslie 
suggested that cancer metabolism can be defined in 
terms of the biochemical events which lead to the con- 
tinued replication of deoxyribonucleic acid and which 
are out of control of the normal restraints imposed 
by the adult organism. It is necessary to study the 
metabolic events leading to deoxyribonucleic acid 
synthesis, and to find which are essentially different 
in normal and cancer cells. 

Four possible defects in cancer cells were discussed 
and illustrated by observations on cell cultures. The 
defects were: abnormal chromosomes producing 
modified cell proteins ; the channelling of compounds 
into the synthesis of nucleic acids ; the deletion of 
enzymes controlling the degradation of nucleic acids 
and proteins ; and the loss of control over growth 
because of the altered response of cancer cells to 
hormones. Evidence for enzyme deletion as a vital 
defect has come principally from biochemical investi- 
gations on liver tumours at the McArdle Memorial 
Laboratory, Madison, and the Montreal Cancer 
Institute. Now, the absence of xanthine oxidase and 
arginaso in both transformed and carcinoma cells 
is an example of this type of defect in permanent cell 
strains. The failure of the EP 1 cells of cervical 
origin to respond to oestradiol (although they re- 
spond to insulin) is possibly linked to the recent 
discoveries by American groups that oestradiol is the 
co-factor for a transhydrogenase system, and that 
this enzyme is much reduced in certain tumours. It 
would, however, be wrong to suppose that there is one 
vital defect common to all tumours. The encouraging 
features of current research are that the key problems 
in tumour metabolism can be clearly specified and that 
the techniques for solving them are available. 

[. LESLIE 


OBITUARY 


Prof. F. S. Bodenheimer 

FREDERICK SIMON BODENHEIMER, who died in a 
London hospital on October 4 from internal com- 
plications after a successful eye operation, was born 
n Cologne on June 6, 1897, son of Max Bodenheimer, 
one of the founders of the Zionist movement. As a 
choolboy, he was attracted to biology, but was per- 
uaded to study medicine, which offered a more 
certain future, at Frankfurt and Bonn. His main 


interest was, however, still in zoology, and he obtained 
his Ph.D. at 


Bonn in 1921 with the intention of 


specializing in entomology and going to Palestine to 
work there. He studied at the School of Agriculture 
in Geisenheim, and after spending half a year at 
Portici with Silvestri and Grandi, accepted an 
appointment as entomologist in the now agricultural 
research station of the Jewish Agency at Tel Aviv, 
where he worked during 1922-28. 

His studies during that period were concentrated 
on economic entomology, culminating in a book, 
“Die Schiidlingsfauna Palistinas’ (1930), but his 
interests were wider and his energy so inexhaustible 
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that he succeeded, at the same time, in producing 
two volumes of the ‘‘Materialien zur Geschichte der 
Entomologie” (1928-29) and in carrying out an 
expedition to the Sinai with Dr. O. Theodor to settle 
the problem of the origin of manna, which proved to 
be the excretion of a coccid (Najacoccus serpentinus) 
on tamarisk. In 1928, he was appointed a Research 
Fellow, and in 1931 professor of zoology at the newly 
founded Hebrew University at Jerusalem. This 
opened a period of most fruitful research on a variety 
of biological problems, resulting in a long series of 
publications, the total of which during his life 
exceeded four hundred, including a number of books ; 
apart from those already mentioned, he published 


“Animal Life in Palestine’ (1935), “‘Prodromus 
Faunae Palaestinae’’ (1937), “Problems of Animal 


Ecology” (1938), ‘‘Animals in the Bible Lands” 
(1949, 1956), ‘“‘Citrus Entomology in the Middle 
East”? (1951), “Insects as Human Food” (1951), 


“The History of Biology” (1958), and ‘‘Animal Ecology 
To-day” (1958). His last book, just published, “A 
Biologist in Israel’, is an extensive autobiography, 
and, at the same time, as he described it to me, “a 
history of a generation of ecologists’’. 

Bodenheimer travelled extensively ; in 1931, after 
a term as a visiting professor at Minneapolis, he went 
around the world, stopping where he would ; during 
1938-41 he was a visiting professor at Ankara and 
played a prominent part in developing entomological 
work in Turkey ; in 1943 he was invited to Iraq to 
study the locust problem there ; in 1955 he lectured 
in the University of Durham on Canon H. B. Tristram 
and visited Finland ; in 1956 he went to Australia 


NEWS an 


Chief Scientist of the Ministry of Supply : 
Dr. R. Cockburn, C.B., O.B.E. 


On October 1, Dr. Robert Cockburn took up the 
post of chief scientist of the Ministry of Supply. 
Cockburn gained his first degree at the University of 
London when he was only nineteen. adding to it 
later both the M.Sc. and the Ph.D. From 1930 he 
taught science at the West Ham Municipal College, 
and at the same time conducted research on the 
effects of electron transit time in very high-frequency 
oscillators, until, in 1937, he joined the Radio Depart- 
ment of the Royal Aircraft Establishment, Farn- 
borough, where he was engaged in the development 
of a new very high-frequency communication system 
for the Royal Air Force. From 1939 until 1945 
Cockburn was at the Telecommunications Research 
Establishment, Malvern, where he and his team 
developed and used radio counter-measures of all 
kinds in the protection both of targets in Britain 
and British bombers operating over enemy territory. 
For his outstanding work he was appointed O.B.E. 
in 1946. He spent a short period at Chalk River and 
at Harwell, until in 1948 he became scientific adviser 
to the Air Ministry. He stayed there for five years, 
joining the Ministry of Supply in 1953, where he has 
been successively responsible for research and forward 
thinking in all applications of electronics, for the 
organization of all the research and development 
programmes in this field, and since 1956, as con- 
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for a Unesco meeting on the Climatology of Arid 
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Zones and took in South Africa en route. Wherever 
he went, he lost no opportunities of learning at first 
hand all that could be learned of local biological 
problems and institutions and workers. 

His main life-interest was animal ecology in the 
broadest sense. His earlier published books on the 
subject did not receive sufficient recognition, since he 
had to write in English, which was not his own 
language, and many of his original ideas have been 
offered in a not easily digestible form. Moreover, he 
was never easily satisfied with formal definitions of 
concepts and always searched for other than the 
accepted solutions of such basic problems as the 
equilibrium in animal populations, animal com- 
munities, the interaction of environment and heredity, 
ete. On many of these points he was outspokenly 
critical of views of others, but his criticisms were 
always such as not to annoy, but to stimulate. 

As an entomologist, Bodenheimer left a great 
heritage, but he was also well known to mammalogists 
for his studies on the vole (Microtus) populations in 
Palestine, and before his death he prepared a revision 
of Canon Tristram’s work on the mammals of 
Palestine. 

His many travels and his deep interest in the work 
of others have made Bodenheimer well known to a 
large number of biologists all over the world and his 
early death will be deeply regretted by many. His 
wife, Mrs. Rachel Bodenheimer, who accompanied 
him on many of his travels, made friends wherever 
she went. Their many friends will share her feeling 
of loss. B. P. Uvarov 
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troller of guided weapons and electronics, for the 
whole field of research, development and production 
of these equipments. 

Cockburn brings to his new post exceptional prac- 
tical knowledge of the operational use and technical 
requirements of systems that he gained in the Second 
World War, the intimate knowledge of the Services 
that he acquired when at the Air Ministry, and the in- 
side knowledge of the Ministry of Supply gathered in 
the three senior appointments that he has already 
held there. He adds these to his wide basie scientific 
knowledge and his international standing and 
prestige as a scientist who has concentrated on the 
special problems of defence. His appointment is 
warmly welcomed by his professional colleagues, 
Service and scientific, throughout the many circles 
in which he is well known. 


Engineering at Leicester : Prof. E. W. Parkes 


Dr. E. W. ParKeEs has been appointed to the new 
chair of engineering in the University of Leicester. 
Dr. Parkes was born at Sutton Coldfield in 1926, and 
was educated at King Edward’s School and St. 
John’s College, Cambridge, where he gained first- 
class honours in the mechanical sciences tripos in 
1945. After leaving Cambridge, he worked for a year 
at the Royal Aircraft Establishment and for two 
years with the Hawker Siddeley group on the design 
and testing of aircraft structures. He returned to 
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Cambridge in 1948 to study the elastic stresses in 
inged beams. In 1950 he was appointed University 
‘monstrator and afterwards lecturer. He was elected 
to a fellowship at Gonville and Caius College in 
'54, and in 1957 was appointed tutor. Dr. Parkes’s 
iin fields of research are the inelastic dynamic 
haviour of structures and the behaviour of struc- 
res subjected to temperature variation. He is 
rticularly interested in repeated thermal loading 
enomena such as incremental collapse under 
ermal cycling. In the industrial field, Dr. Parkes 
s acted as consultant on the design of crane jibs, 
all towers, bridges, boilers and vacuum vessels. He 
s lectured on his work on thermal stresses on a 
imber of occasions in Denmark and Sweden and is 

present spending six months as visiting professor 

Stanford University, California, working in the 
ame field. 


f 


Highway and Traffic Engineering at Birmingham : 
Prof. J. Kolbuszewski 


Dr. J. KoLBuSZEWSKI, who has been appointed 
to the chair of highway and traffic engineering which 
has recently been established within the Department 
of Civil Engineering at the University of Birmingham, 
joined the University as a lecturer in 1951, the title 
of reader in soil mechanics being conferred on him 
in 1957. During the past three years he has been in 
charge of the Graduate School of Highway Engineer- 
ing and the Graduate School of Foundation Engin- 
eering. Originally, Dr. Kolbuszewski graduated from 
the University of Lwow, where he was afterwards a 
lecturer in civil engineering. He served throughout 
the Second World War with the Polish, French and 
British armies. After the War he studied at the 
Imperial College, London, where he obtained his 
Ph.D. degree. He was a member of the staff of the 
Polish University College, London, from 1946 to 
1950, joining as a lecturer and being promoted to 
professor and director of studies in 1947. 

Dr. Kolbuszewski’s research interests have been 
principally concerned with problems in soil mechanics 
and foundation engineering, and, in particular, with 
problems arising in connexion with pressures under 
pavements and the trafficability of beaches. A few 
vears ago he carried out some original experiments in 
the Sahara Desert, when he obtained some interesting 
information regarding the bearing capacity of wind- 
deposited sands. 


Radiation Protection 

THE occupational hazards associated with radio- 
active materials have for a generation been under 
periodic review by the International Commission on 
Radiological Protection, which is a commission set 
up by the International Congress of Radiology and 
by national bodies. In the United States this is the 
National Committee on Radiation Protection, which 
issued its latest report on June 5 (U.S. Department 
of Commerce: National Bureau of Standards. 
Handbook 69: Maximum Permissible Body Burdens 
and Maximum Permissible Concentrations of Radio- 
uclides in Air and in Water for Occupational 
‘xposure. Pp. viii+95. Washington, D.C. : Govern- 
ient Printing Office, 1959. 35 cents). The chairman 

the sub-committee responsible for this report is 
iso chairman of the corresponding international 
‘ommittee. It can therefore be taken that this 


locument is in many respects a pre-view and 
bbreviated version of the corresponding recom- 
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mendations of the International Commission on 
Radiological Protection which are now in press. 

Previous figures for permissible body burdens of 
radioactive nuclides were given in 1953. The basis 
for recommendations concerning permissible exposure 
was revised recently (Recommendations of the 
International Commission on Radiological Protection, 
September 9, 1958. Pergamon Press, London, 1959). 
This has led to corresponding revision to smaller per- 
missible body burdens only for nuclides which result 
in irradiation to the whole body. However, new 
biological data and improved methods of calculating 
physical doses have led to a complete re-assess- 
ment of values. This has allowed permissible figures 
for some nuclides to be increased: notably twice 
as much strontium-90 as before is now allowed. At 
the time this produced a furore in the American 
daily press. On strictly logical grounds the com- 
mittee could have raised the value five-fold. That it 
did not do so indicates that judgment and opinion 
as well as numbers have been used rather than 
strict logic. After all, the figures are not magical ; 
they are still capable of revision in the light of further 
information and experience after a further quin- 
quennium. 


International Council of Scientific Unions 


THE financial statement of the International 
Council of Scientific Unions for the period November 
1, 1957, to December 31, 1958 (pp. 12. The Hague : 
International Council of Scientific Unions, 1959), 
records an excess of expenditure over income for the 
period of 16,638 dollars, in spite of a further increase 
in the income from member unions to 2,852 dollars. 
The 67,428 dollars received from national members 
during the year includes 20,898 dollars, representing 
annual dues previously in arrear. The increase in 
expenditure from 42,970 dollars in 1956-57 to 88,139 
dollars is attributed to the increasing scientific 
activity of the Council, the higher costs of running 
the Secretariat, mainly due to increased staff, the 
heavy costs of holding the 1958 General Assembly 
and Meeting of the Executive Board in the United 
States and the establishment of a Secretariat in The 
Hague, apart from the fact that running expenses 
are for fourteen months instead of the normal twelve. 
For the triennium 1959-61 the eighth General 
Assembly adopted a budget of 58,000 dollars per 
annum, and the Assembly also strongly endorsed the 
decision of the Executive Board to establish a 
capital fund. 


University Foundation of Belgium 

DuRING the academic year 1957-58 the University 
Foundation of Belgium distributed subsidies totalling 
4,858,992 frances and 2,441,500 francs in awards for 
ordinary studies. Of the latter, 1,046,500 francs were 
at the University of Louvain, 718,000 frances at the 
University of Ghent, 359,006 francs at the University 
of Brussels and 198,500 at the University of Liége. 
Of the 167 awards, 32 were in science, 4 in pharmacy, 
33 in medicine, 1 in veterinary medicine, 3 in dental 
science, 32 in engineering, 4 in agronomy, 5 in 
political, social or administrative science, 5 in com- 
mercial or economic science or finance, and 4 in 
applied psychology and vocational guidance. Five 
awards were made for courses of study abroad : four 
in France and one in Switzerland. Subsidies for the 
publication of scientific works amounted to 458,500 
francs and to periodicals to 2,158,000 francs, while 
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scientific associations received subsidies amounting 


to 606,000 francs. The thirty-eighth annual report of 


the Foundation (Fondation Universitaire. Trente- 
huitiéme Rapport Annuel, 1957-1958. Pp. 148. 
Bruxelles: Fondation Universitaire, 1959) which 
gives these figures, includes a list of beneficiaries 
during the year, as well as some notes on institutions 
with which the Foundation has connexions. It also in- 
cludes a list of bursars for 1958-59 under the Belgian 
American Education Foundation, Ine., both in 
Belgium and in America. Of the 29,651 university 
students enrolled in 1957-58, 81-5 per cent were men 
and 18-5 per cent women: 11-35 per cent .were in 
science, 25-33 per cent in medicine and pharmacy, 
11-62 per cent in applied science, 2-52 per cent in 
agronomy, 6:15 per cent in social, political and 
economic science, and 13-16 per cent in commercial 
science. Of 4,770 diplomas obtained in 1956-57, 630 
were in science, 1,035 in medicine and pharmacy, 
33 in veterinary medicine, 405 in applied science, 
151 in agronomy, 266 in social, political and economic 
science, and 654 in commercial science. 


Industrial Psychology Grant Increased 

THE Department of Scientific and Industrial 
Research is to continue its annual grant to the 
National Institute of Industrial Psychology for a 
further five years. The amount is to be raised from 
£4,000 to £6,000 a year, on the understanding that 
the Institute will increase to £9,000 a year its own 
income from membership subscriptions and special 
contributions for long-term research. The Depart- 
ment of Scientific and Industrial Research is also to 
add another £100 a year for every £100 ot grant- 
earning income which the Institute can obtain in 
excess of the qualifying £9,000, up to a maximum of 
another £6,000 a year. This means that if the 
Institute can raise £15,000 a year from industry, the 
Government will give it £12,000. The grant and the 
grant-earning income have to be put in a special fund 
and used only for long-term research. Among research 
projects now in train are: an inquiry into workers’ 
attitudes to the opportunities and rewards offered by 
their jobs, which may have a bearing on personnel 
policies ; an investigation into the relation between 
satisfaction and efficiency on the job; a study of 
industrial management structure and efficiency ; and 
experiments on tests for manual skill. The Institute 
has received many inquiries from industry recently 
about the special tests it has devised for selecting 
suitable school-leavers to be engineering apprentices. 


Australian Atomic Energy Commission Research 

Grants 

RESEARCH grants totalling almost £28,000 have 
recently been awarded by the Australian Atomic 
Energy Commission in support of research under 
contract in seven Australian universities. Fields 
covered include chemistry, physics, geology, mining, 
electrical, metallurgical and chemical engineering, 
and the biological sciences. The grants have been 
made for work in fields which will contribute to the 
Commission’s own work in developing civilian uses 
of atomic energy. 


Alkali and Similar Works in Britain 


THE ninety-fifth report of the Chief Inspector on 
Alkali, ete., Works in England and Wales covering 
the year 1958 notes an increase in the number of 
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works registered under tne Act from 872 at the 
end of 1957 to 2,160 at the end of 1958. It also 
shows an increase in the number of separate pro- 
cesses from 1,733 to 3,412 in consequence of the 


extensions of the list of scheduled works and of 


noxious or offensive gases under the Alkali, etc., 
Works Order, 1958. Many of the new registrations 
relate to very large undertakings, particularly as 
regards the iron and steel industry and the newer 
electric power stations. The result of these increases 
is that the staff of the inspectorate has been increased, 
and it will now be necessary to adjust the internal 
organization. The 7,142 visits and inspections during 
the year included 255 special visits by the chief and 
deputy chief inspectors and 32 by Mr. W. A. Damon, 
the former chief inspector, who continues to serve in 
a special advisory capacity. Several visits were again 
paid to establishments of the Atomic Energy 
Authority, and discussions with the Authority during 
1958 covered problems arising out of the nuclear 
power problem, particularly as regards the increased 
scale of processing uranium for use as a fuel and of 
irradiated uranium from the projected nuclear power 
installations. Considerable interest has been shown 
by local authorities in clean air matters and in the 
processes scheduled by the 1958 Order, and friendly 
and adequate liaison and co-operation appear to 
have been established. There were twelve infractions 
of pre-1958 processes compared with seventeen in 
1958, and of these, six related to escapes of acid 
gases in excess of statutory limits and six to failure 
to use ‘best practicable means’. The Chief Inspector 
for Scotland reports 213 visits during the year, 
including 27 in connexion with the Alkali, ete., Works 
(Scotland) Order, 1958, mainly about points of doubt 
in applications to register. In the course of 89 
chemical tests, three infringements were found, two 
in chamber sulphuric acid plants, which appeared to 
be quite inadvertent, and one at a plant for concen- 
trating sulphuric acid. Two further infringements 
were noted during visual inspection of premises 
registered for distillation of tar. , 


New Journal of Psychopharmacology 


LITERATURE on psychopharmacology has hitherto 
either appeared as contributions to symposia, of 
which the past years have seen ever-increasing 
numbers, or been scattered in the periodicals of many 
disciplines, such as psychology, psychiatry, physio- 
logy, biochemistry and pharmacology. Psycho- 
pharmacologia is a new journal aiming at finding a 
single home for the investigations on the effect of 
drugs on behaviour carried out by workers with the 
greatest variety of training (Vol. 1, Fase. 1. Pp. 
78+-10. 9.60 D.M. Maximal-preis 1959, 40 D.M. 
Maximal-preis 1960, 80 D.M. Berlin: Springer 
Verlag, 1959). There will be some overlap with the 
recently launched periodical Biochemical Pharma- 
cology as there will be with the Journal of Neuro- 
chemistry, but interest in this field has been so great 
in recent years that the editors will experience little 
difficulty in obtaining manuscripts of the highest 
standard. Papers will be accepted in English, French 
or German. The advisory board is recruited from 
Western Europe and North America. The first 
number contains a review and a number of origina! 
articles and makes interesting reading. It is to be 
hoped that psychopharmacologists, while keeping up 
with their own discipline, will find time to read yet 
another integrating journal. 
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Bird Paintings of the Eighteenth Century 


Tue Trustees of the British Museum have pub- 
lished an account of “Some Eighteenth Century 
Bird Paintings in the Library of Sir Joseph Banks 
(17438-1820)”, by Averil Lysaght (Bull. Brit. Mus. 


(Nat. Hist.), Historical Series, 1, No. 6. Pp. 
251-371+ plates 35-37. From the Museum. 40s.). 
This collection, ultimately passing to the British 


Museum, included the work of various. artists 
accompanying Captain Cook on his three voyages. 
These are of interest to systematists in that 
some of the drawings rank as the types of the then 
newly discovered species, the actual specimens 
having deteriorated or perished. The record is of all 
the more value in that some of the species have 
meanwhile become greatly reduced in numbers and 
veographical incidence, if not extinct. Owing to the 
accident that some of the illustrations remained in 
Bloomsbury when others were transferred to South 
KXensington in 1880, these were overlooked by 
3owdler Sharpe and others. The task of making a 
new assessment was originally suggested by the late 
Sir Norman Kinnear. 


Microcard Adapter for ‘Dagmar’ Microfilm Reader 

THE Dutch ‘Dagmar’ microfilm-microfiche reader, 
which was introduced into Great Britain in 1957, has 
proved itself to be a good, cheap, portable reader with 
inany attractive features. It has been made even 
more versatile by the addition of a microcard adapter. 
This has been developed in the library of the Man- 
chester College of Science and Technology and it is 
now being manufactured for sale to others. Anyone 
already owning a ‘Dagmar’ can effect the alteration 
necessary to take the adapter in a few moments. A 
small hole has to be cut in the front panel above the 
lens and a triangular casting bolted on. This takes 
the condenser system of the adapter and positions 
the illumination so that it shines down on to the 
microecard which is in the glass microfiche holder. 
The adapter is being distributed by Trew 
Microfilming, Ltd., 22 Park Lane, Croydon, at 
about £19. 


Museum of Applied Science, Victoria 

THOSE engaged in museum work have often 
deplored the name but have failed to find an adequate 
substitute. The Report of the Museum of Applied 
Science for the year ended June 1958 states that the 
Trustees have unanimously recommended that the 
term ‘Institute’ shall replace ‘Museum’, and they 
trust that the necessary legislation to effect the 
change shall be introduced. It is felt that the new 
title will indicate more clearly the present functions 
and activities, especially as the displays interpret the 
rapid and continuing advances in applied science and 
technology. The International Geophysical Year 
was well publicized both by means of special displays 
and booklets. 


Cancer Current Literature Index 


THE Excerpta Medica Foundation, which has its 
inain office in Amsterdam, provides a monthly com- 
prehensive series of abstracts on branches of medicine, 
one of which is devoted to cancer. The August issue 
of the cancer section is a sizeable volume of 170 
pages containing nearly 600 abstracts. The Founda- 
‘ion has now, in collaboration with the U.S. Cancer 
Society, begun the production of a still more con- 
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densed form of abstracts which consists only of title, 
author and reference to publication; the first 
number (September) is a guide to 300 papers, dealing 
with different aspects of cancer research. The aim of 
this publication, which has been made possible by a 
grant from the U.S. Cancer Society, Inc., New York, 
is to provide a regular, up-to-date index of the 
bibliographical references to the world’s literature in 
the field of cancer. The “Cancer Current Literature 
Index”? will appear at intervals of two to three weeks. 
Each yearly volume will contain approximately 
4,500 references from some 3,000 medical journals 
published all over the world, including those from 
the U.S.S.R. 


Cattle and Buffaloes of India 


Asout 20 per cent of the total number of cattle in 
the world exist in India, and while at present they 
are mainly used for draught purposes, their poten- 
tiality, at present but poorly developed, for milk 
supply is great. Improvement of these cattle for milk 
production would not only supply one of the main 
nutritional needs of the Indian peoples but also 
would improve the economic position of the peasant 
farmer by giving him the weekly income which he 
does not receive from crop farming alone. One of the 
steps towards an improvement is the holding of cattle 
shows for the development of special breeds. A 
bulletin published by the Indian Council of Agri- 
cultural Research on “Bovine Stars of India” illus- 
trates some of the best individual cattle of different 
breeds exhibited at four Regipnal and the All India 
Cattle Shows in 1955 (Indian Council of Agricultural 
Research. Misc. Bulletin No. $2. Pp. iv -29. Delhi : 
Manager of Publications, 1957. Rs. 2.37; 4s8.). It is 
stated that some of the cattle have been given prizes 
for being the best milch type, but the absence of any 
actual records of production to go with the photo- 
graphs is to be regretted. Since the buffaloes and 
native Zebu breeds of cattle have a high degree of 
heat tolerance it is on their improvement rather than 
by the introduction of European breeds, lacking heat 
tolerance, that the future milk supply of India lies. 
Bulls and cows of some twenty-six breeds of cattle 
and three breeds of buffaloes have been photographed 
against a squared background which enables one to 
judge actual size, and an attempt is to be made to 
record body measurements at future shows. Some 
good draught type cattle are also illustrated, but one 
wonders how long it will be before they are replaced 
by mechanization. 


Pest Control 

THe Ministry of Agriculture, Fisheries and Food 
has published under the title ‘Infestation Control : 
a Service to Agriculture and Food Storage” (pp. iv + 
324-12 plates. London: H.M. Stationery Office. 4s.) 
a pamphlet describing the research carried out by its 
officers on the problems of infestation control in 
farms and warehouses, together with a brief history 
of the subject in Great Britain. The work falls into 
two main parts, one dealing with the insect pests of 
stored foodstuffs, the other with vertebrate enemies. 
such as rodents and birds. By what must be regarded 
as a political accident, vertebrates are covered 
whether they attack crops in the field or in store, 
whereas the invertebrate field pests are the respons- 
ibility of another section of the Ministry. Both parts 
of the pamphlet cover a surprisingly wide range of 
topics in which the application of scientific method 
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has made important contributions to public health 


or profit. 
insect pests by chemical means and the development 
of new techniques for baiting rodents and, more 
recently, the development of anti-coagulant poisons. 
Perhaps characteristically in Britain, the pioneer 
work was done in the universities and received final 
Government blessing during the Second World War. 
There is a useful list of papers published by members 
of the infestation control division during the past 
fifteen years. 


Nitrogen Replenishment in the Soil 

LAND fertility improvement was the theme of the 
presidential address by Dr. N. R. Dhar, of the 
University of Allahabad, this year to the Indian 
Society of Soil Science held at Delhi. He points out 
that the amount of fertilizer used in the world is still 
very inadequate and production of nitrogen fertilizer 
appears to be lagging behind production of phosphate 
and potash. Under-developed countries are poorly 
equipped with nitrogen-fixation factories because of 
the high capital investment involved. Dhar estimates 
that approximately one hundred million tons of fixed 
nitrogen is necessary for the food supply of the world, 
but present production is less than eight million tons. 
This emphasizes the importance of other nitrogen 
sources. For example, legumes probably fix five 
million tons of nitrogen and rain contains about ten 
million tons. It is also pointed out that the amount 
of nitrogen lost in refuse from urban areas is about 
equivalent to the amount of nitrogen supplied to 
world crops as fertilizer. Even in highly organized 
agriculture such as in the United States, more nitrogen 
is removed from the soil than returned as fertilizer, 
resulting in an annual deficit of six million tons. This 
translated into world figures means a loss of about 
fifty million tons of nitrogen a year. This annual loss 
must be compensated in permanent agriculture by 
natural methods of recuperation. By making assump- 
tions concerning the amount of carbon added to the 
earth by photosynthesis and the proportion of this 
which in turn is oxidized, it is estimated that one 
hundred and ten million tons of nitrogen a year is 
fixed by natural processes. Hence this is the chief 
natural source of soil nitrogen and far exceeds the 
amount supplied by fertilizers. 


Tectonics in the U.S.S.R. 

A GREAT advance in tectonics was made by the 
publication of the tectonic map of the Soviet Union 
in 1957 on the scale of 1: 5,000,000, published on 
nine sheets. This map is coloured vividly in 
accordance with the orogenic age of the formations, 
with tints and shadings indicating various folding 
phases and structural features. The map was com- 
piled by a number of geologists under the Cirection of 
N.S. Shatsky, one of the foremost tectonists in the 
Soviet Union. It was accompanied by an explanatory 
memoir written by N.S. Shatsky and A. A. Bogdanov. 
A small-sized variant of this map is published by 
Y. A. Kosygin (Priroda, 8, 21: 1958) as an illustration 
for his article dealing with new methods applied to the 
study of tectonic structure of the Earth’s crust by 
means of deep. stratigraphical boreholes. — This 


method, according to the author, is particularly suit- 
able for the study of the ‘cover’ of ancient ‘platforms’ 
and also for the preparation of ‘paleogeological’ maps 
of the ‘floor’ of the ‘cover’. 
Meshcheryakov 


In another article Y. A. 
(Priroda, 9, 15; 1958) discusses 


These concern especially the control of 
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‘neotectonics’—a term proposed by V. A. Obruchev 
for the study of the recent or near-recent movements 
of the Earth’s crust. In this article he gives a 
‘neotectonic’ map of the European part of the Soviet 
Union and a generalized map of the world showing 
regions of recent elevation and depression as well as 
the earthquakes zones. This map shows: that the 
modern regions of elevation are not confined to the 
areas of Quaternary glaciation and therefore cannot 
be explained by the hypothesis of glacial isostas) 
control. 


Meteorological Data 


RapDaR is a powerful tool for the meteorologist in 
the detection of precipitation as it is the only means 
of locating the positions of all precipitation falling at 
above a certain moderate rate and at any one time 
within a distance of the order of 100 miles from the 
transmitter. The strength of the radar echo is pro- 
portional to N.D*/L‘4, where N is the number of drops 
in unit volume, D the drop diameter and L the wave- 
length of the radar. The echo intensity thus increases 
very rapidly with the size of the drops. The advantage 
of a very short wave-length is, however, offset by 
increased attenuation of the beam by precipitation 
and the water vapour and oxygen of the air, and by 
engineering difficulties of obtaining adequate radiant 
power. In practice, wave-lengths in the region of 
3-10 cm. are mostly used, giving admirable repre- 
sentation of moderate and heavy rain at distances up 
to 100 miles or more. Radar is of great value for 
guiding aircraft in and out of airfields to avoid 
highly turbulent thunderclouds, in forecasting the 
approach to cities of thunderstorms with their effects 
on public transport and demand for lighting, and 
also in the study of cloud structure and hydrology. 
The subject is comprehensively discussed in all its 
aspects in a recent report by the World Meteorological 
Organization prepared by a Working Group of the 
Commission for Instruments and Methods of Observa- 
tion under the chairmanship of Mr. R. F. Jones, of 
the Meteorological Office (Technical Note No. 27: 
Use of Ground-Based Radar in Meteorology (Ex- 
cluding Upper-Wind Measurements). Pp. xvi+-80. 
Geneva: Secretariat of the World Meteorological 
Organization, 1959. 9 Swiss franes). This describes 
the basic theory, types of radar and display, recording 
and transmitting the information, the types of radar 
echo associated with clouds and precipitation, echoes 
from other phenomena such as smoke, insects and 
birds, the practical applications and the use of radar 
in research. 


European Nuclear Energy Project, Dragon 


THREE engineers, one from Switzerland and two 
from Italy, arrived in Britain on September 21. 
representing the advance guard of some ninety 
European engineers and scientists who, with 160 
from the United Kingdom, will comprise the inter- 
national staff of the Dragon project of the Organiza- 
tion for European Economic Co-operation at the 
Atomic Energy Establishment, Winfrith, Dorset (see 
Nature, 183, 507; 1959). 


Harwell Reactor School Courses 

STANDARD Course No. 20 of the Harwell Reactor 
School will commence on January 4 and continue 
until April 29, 1960. These courses, which began 
in September 1954, are designed to train engineers 
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n the techniques of reactor construction and 
peration, particularly in connexion with nuclear 
power stations. A special course for senior technical 
xecutives, the tenth of its kind, will be held during 
May 9-20, 1960. Application forms and details of 
hoth courses can be obtained from the Principal, 
Reactor School, Atomic Energy Research Establish- 
ent, Harwell, Didcot, Berks. 
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Oxford 


Ir is announced that the Medical Research Council 
as provided a grant not exceeding £1,100 for the 
ear beginning October 1 for scientific assistance in a 
study of X-ray analytical methods of insulin and 
related structures, to be carried out in the Laboratory 
f Chemical Crystallography under the direction of 
Dr. D. M. Hodgkin. A grant not exceeding £5,700 
xr the three years beginning October 1 has been 
provided by the United Kingdom Atomic Energy 
\uthority for studies in interferometric spectroscopy 
o be carried out in the Clarendon Laboratory under 
he direction of Dr. H. G. Kuhn; and in addition a 
further grant not exceeding £1,250 during the period 
October 1, 1959, to September 30, 1960, for work on 
the constitution of bismuth-rich alloys being carried 
out in the Department of Metallurgy under the 
direction of Prof. W. Hume-Rothery. 

The United States Public Health Service has pro- 
vided a sum of 14,160 dollars for the year which com- 
nenced September 1 for the continuation of research 
on vision and light quanta, being carried out in the 
Department of Physiology by Dr. M. H. Pirenne. 
inder the direction of Prof. E. G. T. Liddell. 

Grants are to be received from the Department of 
Scientific and Industrial Research as follows : £1,000 
for the year beginning October 1, for research on 
some natural products with biological activity, to be 
carried out in the Sir William Dunn School of 
Pathology under the direction of Dr. E. P. Abraham ; 
£1,500 for one year as from October 1, for research 
into perceptual limitations in high-speed performance, 
to be carried out in the Institute of Experimental 
Psychology by Dr. H. Kay, under the direction of 
Prof. R. C. Oldfield ; £22,860 for the three years 
ending September 30, 1962, for an investigation of 
the geological age of rock series by methods based on 
natural radioactivity, being carried out in the 
Department of Geology under the direction of Prof. 
L. R. Wager; £1,220 for equipment for research on 
the biochemical mechanism of cell division, to be 
carried out in the Department of Biochemistry under 
the direction of Sir Hans Krebs; £25,725 for the 
period October 1, 1959, to July 31, 1962, for an 
investigation of materials, using magnetic resonance 
and double resonance techniques, to be carried out 
in the Clarendon Laboratory under the direction of 
Prof. B. Bleaney ; £17,610 for the period October 1, 
1959, to July 31, 1962, for an investigation of nuclear 
orientation and nuclear cooling in magnetic fields to 
he carried out in the Clarendon Laboratory by N. 
Kurti under the direction of Prof. B. Bleaney. The 
Ministry of Supply has provided a grant not exceeding 
£1,175 for the year as from September 1, 1959, for 
the continuation of an investigation of fluorocarbo- 
hydrates being carried out in the Department of 
Biochemistry under the direction of Dr. P. W. 
Kent. £2,200 is to be expended from the University 
General Fund on alterations to the Department 
of Zoology in order to provide additior..1 teaching 
space. 


University News : 
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Mr. F. A. Burchardt, director of the Institute of 
Statistics, who died on December 21, 1958, has been 
succeeded by E. F. Jackson, Fellow of St. Antony’s 
College. 


World Meeting on Veterinary Education 


A WORLD meeting on veterinary education, to be 
held in London during April 25-29, 1960, is being 
convened by the Food and Agriculture Organiza- 
tion. The meeting will be held at Church House, 
Westminster, by invitation of H.M. Government, 
and will be attended by participants from most 
parts of the world, including the Far East, Latin 
America, the Near East and Africa. 


British Society of Rheology 

THE British Society of Rheology has announced 
the following officers for the year 1959-60 : President, 
Dr. H. Kolsky (Armament Design Establishment) ; 
Hon. Secretary, Dr. M. F. Culpin; Hon. Treasurer, 
Mr. C. C. Mill; Hon. Editor (Bulletin), Mr. J. F. 
Hutton (Shell Research, Ltd.); and Hon, Editor 
(Abstracts), Dr. J. C. Vernon. 


British Electronic Achievements 


THE scheme for awarding annual premiums for 
articles on electronics, organized in the past by the 
Radio Industry Council (London) is now under the 
joint sponsorship of the Council and of the Electronic 
Nngineering Association. Articles published during 
1959 will be considered by the panel of judges early 
in the New Year, and explanatory leaflets can be 
obtained from the Electronic Engineering Associa- 
tion, 11 Green Street, London, W.1, to which also 
eligible articles should be submitted before the end 
of the year. 


The Annual Review of Pharmacology 

ANNUAL ReEvieEws, Inc., of Palo Alto, California, 
announces the organization of a new series: ‘‘The 
Annual Review of Pharmacology’. The first volume 
is scheduled to appear in April 1961. Prof. Windsor 
C.,Cutting, of Stanford University, has been appointed 
as editor, and Prof. Henry W. Elliott, of the Univer- 
sity of California, as associate editor. Members of 
the Editorial Committee, under whose direction the 
Reviews will be organized, are initially as follows : 
Windsor C. Cutting (chairman); Bernard B. Brodie, 
National Heart Institute ; Maynard B. Chenoweth, 
Dow Chemical Co. ; Louis 8. Goodman, University 
of Utah; G. B. Koelle, University of Pennsylvania ; 
Chauncy D. Leake, Ohio State University: and 
Maurice H. Seevers, University of Michigan. 


Announcements 

Mr. A. PERERA, representing Ceylon, has been 
appointed chairman of the Executive Council of the 
Commonwealth Agricultural Bureaux, in suecession 
to Dr. J. G. Malloch. Mr. C. K. Reheem, repre- 
senting Pakistan, has succeeded Mr. Perera as vice- 
chairman. 


Erratum. In the communication entitled ‘Pro- 
duction of Serum Albumin and of Globulins .. .”’, by 
Prof. E. Broda eé al., in Nature of August 1, p. 361, 
the penultimate line of column 1 should be at the 
foot of column 2; further, Dr. Leslie’s strain referred 
to in column 2 should be HLM and not HIM as 
printed. 
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THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 
PRESENT STATUS 


id i5-- E European Organization for Nuclear Research 
(CERN) has in operation a synchrocyclotron, 
accelerating protons to 600 MeV., and is in course 
of constructing an alternating-gradient synchrotron 
which is designed to accelerate protons up to 25 GeV. 
In addition to these two accelerators, CERN is 
building up on its site at Meyrin, near Geneva, 
experimental equipment and services comparable 
with those existing or being built at Brookhaven and 
Berkeley in the United States and at Dubna in the 
U.S.S.R. 

The synchrocyclotron, which has been running for 
more than a year and in recent months has operated 
for 95 per cent of the scheduled time, is yielding an 
ever-increasing flow of experimental results. Analysed 
beams of mesons, neutrons and protons are available 
in two experimental halls on either side of the machine. 
The most recent experiments which have been com- 
pleted include a charge-independence experiment con- 
cerning the ratio of the cross-sections of the reac- 
tions p -- d-+ H® + xr+and p + d—- He’ ™°, which 
should be (apart from Coulomb and mass correction) 
exactly 2. The experimental accuracy achieved was 
5 per cent, which is perhaps the most precise con- 
firmation of charge-independence yet obtained at 
high energies. An experiment in an earlier stage is 
examining the neutron groups from the reactions 
m + p—->n®+nandn + p—y +nwith 70 MeV. 
pions. This has already yielded an accurate value of 
the x® mass. Two experiments which are now being 
designed are on the scattering of u-mesons by nuclei 
(for which a focusing channel for muons is under 
construction) and an experiment for the accurate 
measurement of the anomalous part of the magnetic 
moment of the muon. Two experiments using hydro- 
gen bubble chambers are just starting; the first, 
using a 25 em. diameter chamber brought to CERN 
by an Italian group, deals with the scattering of 
350 MeV. pions by protons, and the second, using ¢ 
30 cm. diameter chamber built at CERN, deals with 
the double production of z-mesons. Many other 
experiments are being carried out with the synchro- 
cyclotron by teams of CERN physicists and by 
visiting groups from the member countries of CERN. 
About 30 per cent of the running time of the machine 
is scheduled for these visiting groups, which include 
teams from Padua, Utrecht, Harwell and University 
College, London. 

The magnet units of the 25 GeV. proton synechro- 
tron, one hundred in number and weighing in total 
4,000 tons, are mounted in the machine building, a 
subterranean annular tunnel covered with 3 m. of 
earth. Pulsing tests on the magnet, using the rectifier- 
inverter set and generator, began in the latter part of 
July. The vacuum system, a 620 m. long elliptic tube 
pumped by fifty vacuum pumping stations, is nearly 
assembled, as are the sixteen radio-frequency acceler- 
ating stations. Two tanks of the three-tank linear 


accelerator, which will inject protons with an energy 
of 50 MeV. into the synchrotron, are working, giving 
3-5 m.amp. of 30 MeV. protons. 

Considerable thought has gone into the planning 
of the experimental apparatus to be used with the 
25 GeV. accelerator and into the layout of this 
apparatus in the experimental halls. 


The largest 


pieces of equipment being built at CERN are a 2 m. 
long liquid hydrogen bubble chamber, a 1 m..diameter 
propane bubble chamber and a 2 m. long gas Cerenkov 
counter. The propane chamber, complete with its 
magnet, giving a field in the chamber of 18,000 gauss, 
weighs about 100 tons and is planned to come into 
operation in the middle of next year. The hydrogen 
chamber and its magnet weigh about 600 tons and 
are scheduled for operation in 1962. A French group 
from the Centre d’Etudes Nucléaires, Saclay, will 
bring an 80 em. long hydrogen bubble chamber to 
CERN towards the end of 1960, and a British group 
plan to bring an even larger hydrogen chamber in 
1961. Another French group, from the Ecole Poly- 
technique, Paris, plans to bring a 1 m. long propane 
bubble chamber next year. These ‘visiting’ bubble 
chambers will be used at CERN by mixed teams of 
CERN physicists and the physicists coming with the 
chambers. Initially, the 30 cm. diameter CERN 
hydrogen bubble chamber will be used for exploratory 
experiments. To get momentum-analysed and puri- 
fied beams of particles to these bubble chambers and 
to counter experiments, systems of bending and 
focusing magnets have been designed and ordered, 
and a 30 m. long beam separator is in course of study. 
Direct current generators, totalling 8 MW. capacity, 
are being installed to power these experimental 
magnets. 

Although about 500 sq. m. of floor area are at 
present available for experiments with the proton 
synchrotron, this space will be fully occupied by ex- 
perimental equipment within a year or so of the accel- 
erator coming into operation. A new experimental 
area, foreseen for use in 1962, will provide special build- 
ings for the very large hydrogen bubble chambers and 
a 600 m. long flight path for the beams of particles 
emerging from the synchrotron. This long flight 
path is necessitated by the extreme difficulties 
encountered in trying to distinguish between different 
types of particles at such high energies where all 
particles, irrespective of their rest mass, are travelling 
at very nearly the velocity of light. It is possible to 
discriminate between different particles only after 
they have travelled hundreds of metres, when the 
small relative velocity differences of the particles 
have resulted in a time separation which can be 
measured by electronic discriminators with resolution 
times of a few nanoseconds (10-° sec.). 

The analysis of the bubble chamber photographs 
will be carried out with semi-automatic measuring 
machines, designed at CERN, similar to those 
already in use at the Radiation Laboratory at 
Berkeley. The output of these machines, in digital 
form, is fed into the Ferranti Mercury computer 
now in operation at CERN, for spatial reconstruction 
and kinematic analysis of events. 

In addition to the experimental groups using the 
600 MeV. synchrocyclotron and planning experiments 
with the 25 GeV. synchrotron, there is a strong 
theoretical group established at CERN which not 
only contributes to pure theory, but also takes an 
important part in the initial planning of experiments 
and in the interpretation of the experimental results. 
Among the problems studied by this group are 
those of parity conservation in strong and weak 
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nteractions, particularly how it is possible to recon- 
‘ile the violation of parity in strong interactions 
nvolving K-mesons with the quasi conservation in 
auclear interactions involving z-mesons. Another 
problem being studied relates to the magnetic 
noment of the u-meson. 

Apart from the two accelerators, their experi- 
inental programmes and theoretical work, CERN is 
arrying out a basic research programme on new 
nethods of accelerating particles, the results of which 
an be used as a basis for future machines and to 
mprove the existing machines. The Accelerator 
Research Group is at present studying intersecting- 
beam machines that will yield energies in the centre 
of mass system higher than is practicable with exist- 
ng machines using targets in which the bombarded 
clei are at rest, very high current machines using 
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beam stacking techniques, and plasma accelerators 
that can either be used as high-current machines or 
to provide, by means of very high circulating electron 
beam currents, intense magnetic guide fields for 
heavier particles. Several experimental plasma 
betatrons have been built, and an electron beam 
stacking model is now being planned which will 
provide a flexible experimental tool for investigating 
stability problems in high-current beams and in 
intersecting-beam machines. 

The total staff of CERN is nearly a thousand, 
about two hundred of which are physicists and 
engineers, and in addition to staff appointments 
CERN offers fellowships to enable physicists from 
all over the world to participate in the work of the 
Laboratory. About sixty physicists are currently 
using these fellowships at CERN. 


THE BRITISH COMPUTER SOCIETY 
FIRST CONFERENCE 


N view of the widespread interest in computers 
nowadays, particularly in the fields of science and 
ngineering, it is perhaps, a little surprising that the 

British Computer Society should have held only its 
first conference last June. However, as the president, 
Dr. M. V. Wilkes, reminded us, it was not the first 
time that a conference of those interested in com- 
puting had been held at Cambridge, the last one being 
almost exactly 10 years previously, when the subject 
was in its infancy. The rapid growth of interest in 
the subject is instanced by the capacity attendance 
of 330 at the conference and by the increasing 
membership of the British Computer Society, which 
is now more than 2,000, drawn from a wide variety of 
backgrounds. 

These differing backgrounds accounted for the 
considerable range of topics discussed, running from 
the structure of myoglobin through automatic 
programming and logical design to the problems of 
auditing accounts kept by computers. The work 
currently being done by Perutz, Kendrew and others 
on protein structures would scarcely have been pos- 
sible without the use of fast computing machinery, 
and Dr. J. C. Kendrew, in his interesting address, 
brought out clearly the importance of the existence of, 
and of further developments in, these powerful tools. 
He described the work recently done on the structure 
of myoglobin, mainly using X-ray diffraction tech- 
niques applied to structures into which a heavy atom 
had been artificially introduced by chemical methods. 
Photographs of diffraction patterns from single crystals 
have enabled the broad outlines of the structure to 
be determined and a model of the polypeptide chain 
to be built up. It is hoped next to determine the 
detailed atomic positions within the structure by 
more sophisticated techniques. These techniques 
will involve processing very large amounts of data, 
some thousands of reflexions being obtained from the 
X-ray apparatus. 

All these must be included in the refinement 
calculations, which result in the tabulation of electron 
density values over a hundred or more two-dimen- 
sional Fourier sections through the crystal, each 
section involving evaluations at many hundreds of 
points. The processing will thus require not only very 
rapid calculation facilities, but also adequate support- 
ing equipment for input of data and output of results. 


Furthermore, myoglobin is one of the simpler protein 
structures, so that future advances in this field will 
undoubtedly require the fastest and largest equip- 
ment available. 

Developments in very fast computers were de- 
scribed in a crowded session by Drs. T. Kilburn (Man- 
chester), M. Lehmann (Israel), and N. C. Metropolis 
(Chicago). Dr. Kilburn described the Muse project, 
which is now in an advanced stage of planning, to 
build a computer at the University of Manchester with 
speeds of operation in the millimicrosecond range. 
This machine, like most other modern developments, 
will rely primarily on transistors and magnetic cores 
as fundamental elements for storage, arithmetic 
operation, and control. The arithmetic unit, a 
prototype of which has been built and is now being 
tested, is capable of carrying out multiplications and 
additions on numbers in floating point representation 
in less than 2 microseconds, and administrative 
instructions will be carried out in less than 1/5 usec. 
The main storage is to be on magnetic cores, with an 
access time of 2 usec. However, overlapping of 
operations in some parts of the machine will reduce 
the effective access to $ usec. In addition, a special 
store is also provided from which words can be read 
in about 1/7 usec., but into which writing is restricted. 
A wide use of time sharing is to be made in controlling 
input, output and bulk storage mechanisms, such as 
magnetic tapes. Up to 16 magnetic tapes and, in 
addition, up to 16 slower mechanisms can be feeding 
into or be fed by the computer simultaneously, the 
computer control scanning these units in sequence at 
a pace sufficiently rapid to allow inspection of each 
one at a suitable interval. 

It is hoped that this very powerful machine will be 
working in just over two years time, and that copies 
will later be available commercially. 

Dr. Lehmann described a fast but comparatively 
small computer which is being designed for the 
Israeli Ministry of Defence. This will include an 8,000- 
word drum and a core store of 128 words, and is ex- 
pected to be very cheap to produce, although com- 
parable in speed with many of the large machines of 
to-day, which cost hundreds of thousands of pounds. 

Dr. Metropolis described the computer being devel- 
oped at the University of Chicago under his direction. 
This machine is to be in the same speed-range as the 
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Muse, but is not planned, at present, on quite such 
a large scale. Nevertheless a core store of more than 
8,000 words with an access time of 2 usec. is to be 
provided, and there is provision for at least four 
magnetic tape mechanisms to be attached to the 
machine. Two very interesting features are the 
proposed structure of the arithmetic unit and a new 
method of number representation it is intended to 
incorporate. The arithmetic unit is to be built on the 
same principle as that of the Maniac at Los Alamos, 
using asynchronous circuitry, but will include many 
additional cross-connexions between registers to 
facilitate rapid arithmetical working. A number 
representation, called ‘significant digit’ representation, 
will be used. This is a form of floating point represen- 
tation which avoids the appearance of many mean- 
ingless digits at the end of approximate numbers, 
while retaining a few guarding digits against rounding 
errors. 

An important application of fast machines is to 
problems in supersonic flow-past aerofoils and other 
surfaces. An interesting contribution to this subject 
was made by Mr. D. &. Butler of the Armaments 
Research and Development Establishment, who 
described some recent work he has carried out on 
this problem. 

In order to calculate the lines of flow around and 
pressures on a solid figure in a supersonic airstream 
it is necessary to solve a hyperbolic partial differential 
equation in three variables. He discussed various 
methods of doing this and made particular reference 
to the method of characteristics, a powerful technique 
for solving equations of this type. He went on to 
describe a particular example of stationary flow 
around a body shaped like a delta-wing aircraft and 
showed how the calculations had been carried out 
in this case using the computer at Fort Halstead, a 
Ferranti Mk. 1*. 

Other topics at the conference which excited 
considerable interest concerned the control of pro- 
duction in factories and the application of operational 
research techniques to this and allied problems. Mr. 
F. Bryen of Imperial Chemical Industries described an 
application of punched card machinery to factory con- 
trol, and Mr. J. Harling of Urwick, Orr and Partners 
dealt very interestingly with the use of computers 
for operations research. An application of one of the 
latter techniques within the Shell group of companies 
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formed the subject of a later address by Mr. C. S. 
Galer. There were also sessions on keeping accounts 
by computer, on auditing the accounts so kept. 
on the training and selection of programmers, on 
automatic programming, and on working experience 
with magnetic tape mechanisms. On the mathematical 
side, Dr. A. 8. Householder of the Oak Ridge Nationa! 


Laboratory, Tennessee, directed attention to some of 


the pitfalls in the techniques commonly used on com- 
puters. In particular, he considered the stability 
of two methods of inverting a matrix, and concluded 
that the method of rotation is not more stable than 
the method of elimination, although an argument 
can be adduced to the effect that it is. After this paper. 
as after all the formal papers presented, there was a 
lively discussion, in which many of the delegates 
took part. 

A wide-ranging review of the state of the computing 


art was given by two speakers, Mr. J. A. Goldsmith of 
Robson, Morrow and Co., and Dr. A. S. Douglas of 


the University of Leeds. Mr. Goldsmith noted that 
delivery of 76 installations of electronic computers 
had so far been made in the United Kingdom and 
that 33 were on order, although recently the tempo 
of orders had slackened. Much of the work in the 
commercial field had so far been unambitious and the 
results somewhat disappointing. He felt that it would 
be 5-10 years before computers played a full part in 
helping management to control their organizations. 
Dr. Douglas reviewed the work of computers in 
British universities. Much work has been done in 
training in their use at the postgraduate-level, and 
he felt that this could well be extended to the under- 
graduate-level. He discussed the problem confronting 
universities in the installation and use of large-scale 
machinery, and suggested that it would be desirable 
for three or more of the large fast computers such as 
Muse to be installed in universities, where they 
would act (on a service basis) as focuses for local 
computer users. He gave details of serviceability and 
use of typical present-day university installations, and 
concluded that a high standard of efficiency can be 
attained. 

All the sessions were very well attended throughout. 
It is intended in the future to hold annual conferences 
of the Society at various centres in the United 
Kingdom, the next conference being planned for 
June or July 1960. A. 8. Doueias 


THE INTERNATIONAL INSTITUTE OF REFRIGERATION 


HE first International Congress of Refrigeration 

was held in Paris in October 1908. Shortly 
after this, in January 1909, the International Associa- 
tion of Refrigeration was established, following the 
suggestion of Kamerlingh Onnes, the name being 
changed to the International Institute of Refrigera- 
tion just after the First World War. The organization 
has therefore just celebrated its jubilee. 

The general objective of the Institute is the 
development of the science and techniques of re- 
frigeration in the international field. It promotes 
scientific research, as well as the teaching and 
popularization of refrigeration and its application in 
all fields, particularly in food preservation, health and 
industrial processes. The International Institute of 


Refrigeration headquarters are in Paris. 


The main tasks of the Institute are determined 
by the general conference, at present presided over 
by Dr. Ezer Griffiths. This meets every four years, 
at the same time as an International Congress 
of Refrigeration, also organized by the Institute. 
Executive power is vested in an executive committee. 
A technical board, of which Dr. J. C. Fidler is the 
current president, co-ordinates the scientific and 
technical activity of nine commissions, which be- 
tween them cover all aspects of refrigeration matters 
from fundamental research to applications in agri- 
culture, transport, etc. 

The tenth International Congress of Refrigeration 
was held in Copenhagen during August 19-26 and 
was attended by about 1,500 delegates from all 
over the world. About 300 scientific and technical 
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papers were discussed at plenary sessions and at 
meetings of all the commissions held during the 
period of the Conference. 

The Institute publishes six times a year a Bulletin 
which appears in both English and French, the two 
fficial languages of the Institute. The Bulletin 
contains abstracts of scientific and technical articles 
ind information about current research in refrigera- 
tion and on other refrigeration activities from all over 
the world. The Institute also publishes the works of 
ts various commissions. 

Full membership of the Institute is restricted to 
the governments of member countries, which at 
present number 35, including the United Kingdom, 
the United States and the U.S.8S.R. The United 
Kingdom interests in the Institute are co-ordinated 
by the Department of Scientific and Industrial 
Research, with the advice of a Standing Committee 
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representing research, institutional and industrial 
interests in Great Britain. 

In 1952, the Institute introduced associate member- 
ship, available to qualified firms, institutions or 
individuals active in the science or in the industry 
of refrigeration. The annual subscription is about 
£13 for firms and institutions and £3 10s. for in- 
dividuals. Associate members receive the Bulletin 
and the proceedings of the nine international com- 
missions of the Institute, together with the texts 
of reports presented. Associate members may par- 
ticipate in the work and the meetings of the com- 
missions in which they are interested, and can also 
use the services of the large library of the Institute. 
Applications for associate membership may be made 
to the Director of the International Institute of 
Refrigeration, 177 boulevard Malesherbes, Paris 


(17°). 


STERIC ASPECTS OF THE CHEMISTRY AND BIOCHEMISTRY 
OF NATURAL PRODUCTS 


HE interest taken in stereochemical problems 
by chemists and biochemists alike has been 
greatly increased in recent years, and the Biochemical 
Society recognized this fact by arranging a sympo- 
sium on “Steric Aspects of the Chemistry and 
Biochemistry of Natural Products”, which was held 
in the Senate House of the University of London on 
June 30. The chairman of the morning session, 
Prof. A. Neuberger (London), discussed some of the 
main trends of recent work in this field and empha- 
sized the importance of stereochemistry in modern 
enzymology. 
Dr. W. Klyne (London) then discussed in a com- 


2 


prehensive manner the types of evidence used for — 


establishing relative or absolute configurations of 
asymmetric compounds. The term ‘absolute con- 
figuration’ can now be used with confidence, as 
Bijvoet and his colleagues working in Utrecht have 
demonstrated by means of a special X-ray technique 
that the Fischer convention for glyceraldehyde 
happens to be correct. Dr. Klyne pointed out that 
the most satisfactory method of correlating two 
asymmetric compounds is by a chemical reaction 
which does not involve the asymmetric centre. The 
second type of approach is concerned with chemical 
reactions in which one or more of the linkages of the 
asymmetric atoms are broken. The stereochemical 
correlation in this situation must be based on kinetic 
and other evidence and must involve certain assump- 
tions about the mechanisms of the substitution 
concerned. 

Dr. Klyne then went on to discuss the deductions 
which can be made from studies of asymmetric 
synthesis, methods used successfully by Prelog and 
by Cram. Another type of approach which was 
developed mainly by Fredga in Sweden, and which is 
probably not sufficiently widely known, is based on 
the study of melting points of mixtures of a compound 
of known configuration and a structurally similar 
compound of unknown configuration. If the two 
compounds have opposite configurations they may 
form in the solid phase a quasi-racemic compound, 
and this can be deduced from the melting-point curve. 

Reference was also made to the information 
obtained from the applications of X-ray analysis, 


especially to compounds with more than one asym- 
metric centre. Finally methods were discussed which 
depend on a numerical comparison of the values of 
optical rotations of structurally related compounds. 
These calculations and deductions have in the past 
been largely based on measurements at a single 
wave-length and have indeed yielded much valuable 
information. In recent years this tool has been 
made more powerful by extending the measure- 
ments to the whole visible and a large part of the 
ultra-violet range of the spectrum. In this develop- 
ment (rotatory dispersion), Djerassi of Detroit has 
taken the leading part. 

Steric aspects of the biosynthesis of terpenes and 
steroids were considered by Dr. D. Arigoni (Zurich), 
who discussed first the formation of an isopentane 
derivative from acetate. The early stages of the 
synthesis consist of a condensation of acetoacetyl-CoA 
with acetyl-CoA to give the CoA derivative of 
8-hydroxy-8-methylglutaric acid. The latter is then 
reduced, probably through the aldehydo acid, to 
8,6-dihydroxy-8-methylvaleric acid or mevalonic acid. 
The absolute configuration of this compound has 
been unambiguously related recently by Eberle and 
Arigoni to that of quinic acid, which in turn had been 
established by Dangschat and Fischer in 1950 by 
relating it to glyceraldehyde. Dr. Arigoni then 
referred to the stereochemical problems involved in 
the conversion of leucine to $-hydroxy-$-methyl- 
glutaconic acid, which occurs through the CoA esters 
of 8-methylerotonic acid and 6-methylglutaconic acid. 
The hydration of the double bond and the carboxyla- 
tion of methylerotonic acid must be stereospecific 
and this is also likely to apply to the reduction of 
mevaldic acid to mevalonic acid. The next steps in 
the reaction sequence are the simultaneous decarb- 
oxylation and elimination of the tertiary hydroxy] 
group from the pyrophosphate of mevalonic acid to 
give isopentenyl pyrophosphate and the isomerization 
of the latter to give dimethylallyl pyrophosphate ; 
it can be postulated that the isomerization is stereo- 
specific and Dr. Arigoni thought it probable 


that only one of the two hydrogen atoms of iso- 
pentenyl pyrophosphate is involved in the isomer- 
ization. 
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The allyl compound is assumed to react with the 
isopentenyl }{yrophosphate, resulting in the formation 
of a new C—C bond. This reaction must again have 
stereospecificity, since the new double bond produced 
usually has a trans configuration ; but Dr. Arigoni 
stressed the fact that the detailed mechanism of the 
formation of this condensation is not yet securely 
established fand he suggested that experiments 
involving lapelling with deuterium and determining 
the axial or equatorial position of the deuterium in 
a suitable pyclization product are likely to give 
further infoymation. 

Dr. Arigefii pointed out that steric factors had to 
be taken into account in any attempts which were 
made to explain the actual cyclization and the 
rearrangements which either follow the cyclization 
proper or are coupled with it. Otherwise, it would 
be difficult; to explain the formation of diastereo- 
isomers rsa one single aliphatic precursor, squalene. 
If a carbonium ion is involved in cyclization reactions, 
it can only have a structure which preserves the 
original configuration; a ‘bridged ion’ fulfils this 
i ee and addition of this relatively stable 
species t@ a base or nucleophilic substance (‘anti- 
planar adgition’) will produce only one isomer. The 
postulate of antiplanar addition imposes restrictions 
on the type of folding and it appears that only the 
chair-type and boat-type of folding explain, for 
example, the formation of both lanostero] and tiru- 
callol from all-trans squalene. Experimental evidence 
for the theory is provided by the work of Bloch and 
by that of Cornforth and Popjak. Further interesting 
examples from the work of Dr. Arigoni himself and 
from that of Prof. Birch were given, showing the 
application of stereochemical rules to the biogenesis 
of terpenes, but a note of caution was sounded 
against the assumption that the configuration of the 
A/B ring junction is always the same. 

Steric aspects of drug action were discussed by 
Dr. R. B. Barlow (Edinburgh), who began his talk 
by emphasizing the distinction first made by Stephen- 
son between affinity or adsorbability of a drug to a 
receptor site, and efficacy, that is, the ability of the 
adsorbed drug to start a sequence of reactions which 
can be observed in a pharmacological experiment. 
While it is possible to make definite statements about 
the steric arrangement of drugs, ideas on the stereo- 
chemistry ¢@f receptors are generally based on some- 
what uncertain deductions made from structures of 
active compounds and those of their antagonists. 

Dr. Barlow illustrated his talk with examples from 
the field of drugs resembling acetylcholine either in 
its muscarine-like or nicotine-like function or of 
compounds antagonizing such action. For nicotine- 
like activity the molecule should contain a cationic 
head such as a dimethylamino or trimethylamino 
group and a partial positive charge at a distance 
similar to that which separates the ether oxygen of 
acetylcholine from the charged nitrogen atom. In 
nicotine itself the two optical isomers have identical 
pharmacological activities. The constitution and 
stereochemistry of muscarine have recently been 
worked out and it is found that it has three centres 
of asymmetry. Dr. Barlow then discussed the 
activities of the various stereo-isomers of muscarine 
and of various synthetic substrates resembling this 
substance pharmacologically, such as acetyl-8-methy]- 
choline. In this case the (+)-isomer is reported to 


be about 200 times as active as the (—)-isomer. 
Dr. Barlow then mentioned the importance of steric 
factors in flexible molecules and he pointed out that 
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in these cases it is more difficult to arrive at quan- 


titative conclusions. 
Schueler was discussed in detail and some recent 
criticisms of his calculations were mentioned. Dr. 
Barlow then dealt in some detail with di-quaternary 
bases, such as various esters of aliphatic dicarboxylic 
esters containing two quaternary basic groups, such 
as suxamethonium. The many examples which were 
considered illustrated the difficulties which still exist 
if one attempts to correlate the stereochemistry 
of the compounds under consideration with their 
biological activity. 

The last paper of the morning session was given 
by Dr. G. A. J. Pitt (Liverpool) on behalf of Prof. 
R. A. Morton and himself, and dealt with cis-trans 
isomers of retinene in visual processes. Dr. Pitt 
briefly discussed the chemistry of retinene (vitamin A 
aldehyde) and that of vitamin A, and in particular 
referred to the early work of Pauling which predicted 
the existence of the following four isomers: all- 
trans; 9-monocis; 13-monocis; and 9: 13-dicis. 
These four isomers of retinene and vitamin A have 
been synthesized, but it has been possible to prepare 
two other retinenes and vitamins A containing a 
cis-linkage in the ‘hindered’ 11-position. No 7-cis 
vitamin A has yet been prepared and it seems almost 
certain that 7-cis isomers cannot exist, as in such a 
molecule there would be considerable steric inter- 
ference. Dr. Pitt then referred briefly to the occur- 
rence of cis-isomers in Nature, and mentioned that 
the thermodynamically most stable isomer and the 
one found most commonly in Nature is the all-trans 
isomer. He then reviewed the isomerization of 
the various retinene isomers and their absorption 
spectra. The importance of the cis-trans isomerization 
was appreciated when Hubbard and Wald found that 
the retinene which united with opsin was the 11-cis 
form. The 9-cis form also reacted with opsin but the 
resulting complex has not been found in Nature. 
The main effect of the introduction of a cis-bond at 
the 11-position is that it produces a bend of the side- 
chain whereas in the all-trans isomer the side-chain is 
straight. When rhodopsin is illuminated it breaks 
down to the protein opsin and a retinene, but the 
latter was found, rather surprisingly, to be the all- 
trans isomer. This all-trans retinene liberated by the 
bleaching of rhodopsin does not give rhodopsin again 
when mixed with the opsin in vitro, and strong 
evidence has been obtained by Hubbard that the 
utilization of the trans-isomer in @ more complex 
system is caused by the presence of an enzyme called 
retinene isomerase, which changes the _ all-trans 
retinene to the 1l-cis isomer. Dr. Pitt discussed this 
enzymic isomerization in more detail and then went 
on to report on recent work which has been done on 
invertebrate rhodopsins, dealing in particular with 
indicator yellow. He also gave an account of the 
effect of light on various rhodopsins under a variety 
of conditions, but it would be impossible to sum- 
marize adequately the rather complicated relation- 
ships which have been established, mainly due to the 
work of Hubbard and Wald. 

The chair was taken for the afternoon session 
by Prof. S. Peat (Bangor); all three papers were 
devoted to various aspects of stereospecificity in 
enzyme action. Dr. E. C. Webb (Cambridge), who 
dealt with hydrolytic enzymes, treated some general 
matters relevant to all enzymes. He emphasized 
that enzymic catalysis is at least a two-stage process, 
and that steric factors may be important both in the 
formation and in the breakdown of the intermediate 


In particular, the work of 
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enzyme-substrate complex. To be of real value any 
comparison of substrates should involve measurement 
of both the Michaelis constant (K,,) and the reaction 
velocity, as measures of the two stages 

Examples considered included ali-esterases and 
lipases, cholinesterases, glycosidases, lactonases, pep- 
tidases, arginase and fumarase. For the cholin- 
‘sterases knowledge has accumulated which permits 
the representation of the catalysis in terms of anionic 
and esteratic sites on the enzyme surface. The high 
specificity of glycosidases is well known, and this is 
paralleled in the recently studied group of lactonases. 
Proteolytic enzymes may be used, thanks to their 
high stereospecificity, as tools for the resolution of 
synthetic amino-acids. Work on the behaviour of 
synthetic substrates as competitive inhibitors of 
z-chymotrypsin emphasizes the importance of dis- 
tinguishing the two stages of enzyme action. 

In conclusion, the importance of Ogston’s concept 
(1948) of three-point attachment between enzyme and 
substrate was emphasized. This idea explains very 
simply the formation from a symmetrical substrate 
(CX ,YZ) of anasymmetric product (CX X! YZ). Ogston 
has recently discussed this concept further (1958). 

Dr. H. Gutfreund (Shinfield) in discussion con- 
sidered further the specificity of «-chymotrypsin, in 
the reactions of which three stages can be distinguished 
(E+ ABS2H-ABSEA+B2E+A+4+ 8B). 

Prof. E. C. Slater (Amsterdam) dealt with oxida- 
tion-reduction enzymes. He began by considering 
dehydrogenases which act on hydroxy acids and more 
complex systems which can (indirectly) transform 
one enantiomer into the other (commonly but wrongly 
called racemases). After a brief discussion of amino- 
acid oxidases the greater part of the paper was 
devoted to stereospecificity of hydrogen transfer in 
the reactions of pyridine nucleotide dehydrogenases. 
These compounds are dinucleotides, one unit of which 
is the nicotinamide group which can undergo rever- 
sible oxidation and reduction at N and C-4. The 
elegant work of Vennesland’s school in Chicago using 
substrates and enzymes labelled with deuterium has 
shown that these dehydrogenases fall into two classes ; 
these are distinguished by the fact that they add 
hydrogen at C—4 of the diphosphopyridine nucleotide 
molecule on opposite sides. Other related work dealt 
with reactions involving cytochrome c, flavin and 
orotic acid. 

An important extension of Vennesland’s work was 
the preparation of stereospecifically labelled and 
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optically active CH;.CHDOH. Alternative mechan- 
isms of action for a typical dehydrogenase have been 
suggested by Dixon and Webb in their classic text- 
book on “‘Enzymes”’, and by Van Eyk, Kaplan e¢ al. 

Finally, succinic dehydrogenase, which involves 
another type of stereospecificity, was introduced. 

Dr. H. R. Levy (Chicago) emphasized in discussion 
that the stereospecificity in the reactions of pyridine 
nucleotides is another example of the ability of 
enzymes to distinguish between two identical groups, 
and gave further examples. Dr. W. Klyne directed 
attention to the important work of Prelog on micro- 
biological oxidations and reductions of simple 
decalones and related compounds. The pictorial treat - 
ment of these reactions may constitute a valuable ex- 
tension of Ogston’s concept of three-point attach- 
ment. 

Dr. G. R. Barker (Manchester) dealt with enzymes 
of nucleotide metabolism. He began by outlining 
current views on the biosynthesis of D-ribose and 
2-deoxy-p-ribose ; the important routes leading to 
ribose involve the 5-phosphates of D-xylulose and 
D-ribulose. The formation and fission of glycosidic 
bonds in nucleosides was next considered ;_ these 
reactions are generally phosphorolyses and _ not 
hydrolyses. The stereochemistry of analogous chemi- 
‘al syntheses of nucleosides has been studied with 
respect to relative configurations at C-—1 and C-—2, 
and it is necessary to consider how far the stereo- 
specificity of the enzymic reaction is attributable to 
the enzyme, and how far it is inherent in the nature 
of the reaction catalysed. The answer at present is 
that both factors are involved. 

The formation and fission of internucleotide links 
in polynucleotides were then discussed. Pancreatic 
ribonuclease degrades ribopolynucleotides via nucleo- 
side 2’,3’-(cyclic)-phosphates to 3’-phosphates, and 
the steric factors involved in this and the reverse 
reaction were considered. Finally, the polynucleotide 
phosphorylases were considered; many reactions 
require a polynucleotide ‘primer’, the composition of 
which determines that of the polymer formed ; this 
is a direct demonstration that the primer acts as a 
template. 

‘All three papers emphasized in different ways the 
essentially complementary nature of enzyme and 
substrate and the two (or more) stage character of 
the enzyme-substrate reaction. 

A. NEUBERGER 
W. K1LyNE 


OIL IN NAVIGABLE WATERS 


T is now seven years since a group of representatives 

of the interests in Great Britain which are most 
affected by oil pollution formed themselves into the 
Co-ordinating Advisory Committee on Oil Pollution 
of the Sea, under the chairmanship of Mr. James 
Callaghan, M.P. In 1953 this Committee organized 
an international conference in London which called 
for a meeting of governments of all maritime countries 
to take action to prevent the growing pollution of 
the oceans of the world. This request met with 
considerable success, for an _ inter-governmental 
conference was held in 1954, at which an international 
convention was drawn up. This Convention came into 
foree in July 1958, and has been ratified by the 


United Kingdom, Belgium, Canada, Denmark, 
Finland, France, the Federal Republic of Germany, 
the Irish Republic, Mexico, the Netherlands, Norway 
and Sweden. 

The Convention does not prohibit the discharge 
of waste oil entirely, but merely within certain zones, 
and the countries which observe the Convention 
represent only about one-half of the world’s tanker 
shipping, notable omissions being the United States, 
U.S.S.R., Poland, Italy, Panama and Liberia. The 
Co-ordinating Advisory Committee on Oil Pollution 
of the Sea therefore decided to organize an inter- 
national conference to discuss, among other aspects, 
how far the 1954 Convention had been effective in 
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diminishing the contamination of coasts and beaches, 
and the destruction of bird life. This Conference was 
held in Copenhagen during July 3-4. It was presided 
over by Mr. James Callaghan, M.P., with Dr. Boje 
Benzon (chairman, Danish National Section, Inter- 
national Council for Bird Preservation) and Hr. 
Ekspeditionssekreteer Sven lLunddahl (Secretary, 
Danish Council for the Prevention of Oil Pollution 
of the Sea) as vice-chairmen. 

The meeting was very well attended, and included a 
wide range of interests, for among those present were 
representatives of government departments of trans- 
port and commerce, ship owners, port authorities, 
ship repairers, seamen’s unions, sea-fisheries associa- 
tions, local authorities, pleasure resorts, tourist 
organizations, hotel and restaurant associations, and 
conservation, ornithological, and humanitarian or- 
ganizations, of many countries, together with the 
diplomatic representatives of nineteen nations. In 
addition, seven international bodies, the Inter- 
governmental Maritime Consultative Organization, 
the Food and Agriculture Organization, the Council 
of Europe, the International Union of Biological 
Sciences, the International Council for Bird Preser- 
vation, the International Union for the Conservation 
of Nature and Natural Resources and the World 
Federation for the Protection of Animals were 
represented. 

The Conference was opened by Mr. Helge Juul, 
deputizing for the Danish Minister of Commerce, 
and the first section of the proceedings was devoted 
to a review of the situation arising from the 1954 
intergovernmental Conference. In a paper on the 
working of the Oil in Navigable Waters Act, 1955, 
Mr. D. C. Haselgrove, under-secretary, U.K. Ministry 
of Transport and Civil Aviation, pointed out that the 
provisions of this act go beyond the basic require- 
ments of the 1954 Convention, and quoted as an 
example that the sea zones in which British ships 
registered in the United Kingdom must not discharge 
oil extend beyond the zones laid down in the Con- 
vention. He paid a warm tribute to the ready 
co-operation of British ship owners, dock and harbour 
authorities, and the oil industry. Capt. K. C. Angus, 
Marine Regulations Branch, Department of Transport, 
Canada, in a report on the preventive measures taken 
by the Canadian Government, stated that the coasts 
of Newfoundland suffered most from oil pollution, 
and after them the eastern maritime provinces and 
the St. Lawrence river, but the whole Atlantic coast 
was subject to heavy and habitual contamination. 
He stressed the value of weight of public opinion, and 
directed attention to the fact that in many countries 
only a very small percentage of the population was 
aware of the existence of oil pollution and its serious 
consequences. Mr. Lester A. Giles, jun., American 
Humane Education Society, in association with Mr. 
John W. Mann, State Department, Washington, D.C., 
announced that an inter-departmental Committee 
had unanimously adopted a draft report for submis- 
sion to the Secretary of State, recommending that the 
United States accept the 1954 Convention with 
reservations of a technical nature, a statement that 
was received with acclamation. 

In a paper dealing with the working of the Con- 
vention from the point of view of British tanker and 
oil companies, it was recalled that since the Second 
World War the use of oil, and consequently the num- 
ber of tankers, had increased enormously, and that 
ownership was now spread over a great variety of 
flags, some quite new to shipping, and it was urged 
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that universal ratification be strenuously pursued. In 
the discussion regarding methods of cleaning cargo 
tanks which followed, Mr. A. Logan (Shell Tankers, 
Ltd.) uttered a word of warning regarding the indis- 
criminate use of chemicals, and pointed out that the 
use of large amounts of detergent might lead to a 
situation even more destructive and less manageable 
than that arising from the original oil-sludge. 
Disposal of oil waste and facilities in ports were 
dealt with by speakers from Denmark, the Nether- 
lands and the United Kingdom. Mr. 8. Glazenburg 


(Netherlands) forecast that the consumption of 


134 million tons of oil by European countries in 1957 
would rise to a consumption of 190 million tons in 
1963 and 340 million tons in 1975, with a correspond- 
ing expected rise in refinery capacity, particularly 
in Western Europe. Comparatively more oil pro- 
ducts would be exported from Western Europe, and 
in proportion to this increase in oil movements the 
problem of the disposal of oil residues would become 
more acute. 

Speaking for 43 coastal municipalities in the Nether- 
lands the Burgomaster of Bergen described the system 
of weekly reports on the condition of the beaches in 
Holland, which are summarized annually in order to 
give a general survey of the amount of oil pollution 
during the year. He urged that municipalities in other 
countries should organize similar surveys and that the 
information should be co-ordinated on an international 
scale. From the point of view of tourism it was pointed 
out by Mr. Eric D. Croft, director-secretary of the 
British Hotels and Restaurants’ Association, that 
dollar earnings from tourism exceed the total value of 
exports of cars and Scotch whisky together from the 
United Kingdom to the United States, and he stressed 
the serious loss to the tourist trade presented by 
pollution of beaches. 

Reports, on the destruction of birds by waste oil. 
received from Canada, the German Federal Republic, 
the Netherlands, Newfoundland, Poland and the 
United Kingdom, showed that in the Netherlands it was 
estimated that a minimum of 20,000 and a maximum 
of perhaps 50,000 birds are destroyed annually, and 
that 50 different species have been affected; in 
Newfoundland all species of sea-birds around the 
coasts are victims, further evidencing the great toll 
of sea birds which has been continuing for more than 
forty years. 

Major Bertil Funck (Sweden) directed attentian to 
the recurring pollution of the Baltic, especially east 
and south-east of the island of Gotland. Under the 
Convention there is an area in the Baltic, south-east 
of Gotland, 50 nautical miles from the island and the 
mainland, where discharge of oil is permitted. He 
epmhasized that the Baltic is too small in area for 
oil discharge, and proposed that a resolution be passed 
seeking to obtain the inclusion of the Baltic as a 
prohibited zone for oil discharge. He also recom- 
mended that the whole North Sea should similarly 
be declared a prohibited zone. 

The representative of the secretary-general of the 
Inter-governmental Maritime Consultative Organiza- 
tion, Kommerseraadet G.M.E. B6és, stated that the 
bureau functions for the International Convention 
for the Prevention of Pollution of the Sea by Oil 
had been discharged by the United Kingdom up to 
June 15, 1959, when the Organization took over 
the duties and obligations conferred upon it under 
the terms of the Convention. Among other respon- 
sibilities the Organization would have the duty of 
convening a further conference to review both the 
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working of the Convention, and the possibility of 
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ringing about complete cessation of discharge of 


versistent oils into the sea. In resolving to take over 
ts functions, however, the Organization pointed out 
o the governments concerned that, owing to other 
gent tasks, it would not be possible to convene 

further conference before 1961. Mr. Béés ended 
m @ personal note, stating that though the con- 
ening of a further conference on oil pollution was not 

n obligation made under the Convention, he would 
haracterize it as a moral undertaking inspired by the 
irst resolution of the 1954 Conference. The aim of 
that resolution was certainly the same as the object 
f the present conference, namely, the complete 
avoidance of discharge of persistent oils into the sea, 
which, so far as was known, was the only entirely 
effective method of preventing oil pollution. 

Two resolutions were adopted by the conference. 
Che first urged that the governments of countries 
which had not yet ratified the Convention of 1954 
should do so; that further efforts should be made to 
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impress upon governments and upon ship owners and 
ship’s officers and crews the serious consequences 
arising from the discharge of oily wastes into the sea ; 
that all necessary facilities be provided for the dis- 
posal of oily wastes in main ports and harbours ; 
that technical research into means of avoiding dis- 
charges of oily wastes into the sea be intensified, 
and the results made widely known through the 
Inter-governmental Maritime Consultative Organiza- 
tion ; that with a view to achieving the aim of total 
avoidance of the discharge of persistent oils into the 
sea, the governments and the Organization should 
make preparations for holding a further inter-govern- 
mental conference as soon as possible. 

The second resolution, though reiterating the only 
effective solution of the problem, proposed in the 
meantime an extension of the prohibited zones for 
oil discharges in such areas as the Gulf of St. Law- 
rence, the Grand Banks of Newfoundland, and the 
eastern seaboard of North America, and also in the 
Baltic and North Seas. P. BARCLAY-SMITH 


RADIOACTIVATION ANALYSIS 


EW methods of chemical analysis using tech- 
Ra niques derived from nuclear physics were 
liseussed at a Symposium on _ Radioactivation 
Analysis held in Vienna during June 1-3. Sponsored 
by the International Atomic Energy Agency and 
the International Council of Scientific Unions, the 
neeting brought together research workers from 
twenty-one countries for the first international 
conference on a subject of rapidly growing importance 
in many branches of science, medicine and industry. 

An introductory survey by G. B. Cook (Atomic 
Energy Research Establishment, Harwell) was fol- 
lowed by reviews of the uses of activation analysis 
n geochemistry (W. Herr, Max-Planck Institute 
of Chemistry, Mainz), biochemistry and medicine 
J.M. A. Lenihan, Western Regional Hospital Board, 
Glasgow) and metallurgy (J. Hoste, University of 
Ghent). P. Leveque (Centre d’Etudes Nucléaires, 
Saclay) spoke of applications in industry and G. W. 
Leddicotte (Oak Ridge National Laboratory) de- 
scribed recent developments in the United States. 
Several shorter contributions were also given. 

Most analytical methods depend on the behaviour 
of electrons. Activation analysis depends on the 
roperties of the nucleus, in particular the radio- 
ictivity induced by bombardment with neutrons or 
ther particles. Many elements have isotopes which 
leeay slowly enough for the assay to be done a day 
x two after irradiation, but work on short-lived 
\ctivities can only be done close to a neutron source. 
\ reactor is the instrument of choice for activation 
inalysis, but more modest facilities are often service- 
ible. Discharge tubes using the deuterium-—tritium 
reaction give neutron fluxes as high as 10° n/em.?/sec. 
at moderate cost. Useful work has been done with 
the lower fluxes provided by radium—beryllium or 
intimony—beryllium sources ; a recent innovation is 
the americium—beryllium source, which has the merit 
f freedom from residual y-ray emission. 

Since nearly seventy clements become appreciably 
radioactive after a few hours exposure inside a nuclear 
reactor of moderate thermal neutron flux (10!? n/ 
cm.?/sec.), the irradiated sample generally contains 


several different activities. Fortunately many of 
the common matrix elements (aluminium, silicon, 
iron, carbon, nitrogen, oxygen) have relatively 
small cross-sections for thermal neutron capture. 
Differences in half-life and decay energy between 
trace element and matrix or between different trace 
elements in the sample are also advantageous. 

The isolation of individual activities for radio- 
active assay may often be achieved by y-ray spectro- 
scopy, but a preliminary chemical separation is 
generally advisable, even when dealing with short- 
lived nuclides. When once the experimental material 
has been irradiated, along with a known amount of 
the element under investigation (to serve as a stan- 
dard), the isolation may be simplified by the addition 
of stable carrier in any desired amount. Another 
useful advantage of the activation method is that 
contamination of reagents, often a source of trouble 
in the micro-determination of trace elements. need 
not be considered at all. 

The sensitivity of thermal neutron activation 
analysis for trace estimation is remarkable. Many 
elements can be estimated at levels of 10-§ to 107! 
gm. using a neutron flux of 10!* n/em.?/see. acting on a 
l-gm. sample. The detection of trace elements by 
this method has been useful in several industrial 
problems, notably the measurement of deliberate or 
fortuitous contamination in semi-conductor materials. 
Applications in the oil industry are so numerous (and 
so important financially) that many companies have 
acquired neutron sources of their own. A typical 
problem, in which conventional methods of analysis 
are not sufficiently sensitive, is the control of vana- 
dium, which acts as a catalyst poison in cracking 
operations and as a corrosive agent in fuel oils. 

The same element is important in a different con- 
nexion as a constituent of high-alloy steels. Here the 
activation method of analysis is valuable for its speed 
and accuracy. A 10-second irradiation, at a flux of 
10'° n/em.?/sec., is sufficient for analytical determina- 
tions using the isotope vanadium-52 (half-life 3-8 
minutes). In prospecting for vanadium, a useful 
technique is to lower into a borehole a neutron 
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generator. After a few minutes the generator is 
replaced by a scintillation counter to estimate the 
vanadium-52 activity. 

In geochemistry, where the study of natural radio- 
activity has been of prime importance for more than 
half a century, the new possibilities offered by acti- 
vation analysis have been welcomed. A _ powerful 
technique for age determination in rocks and meteor- 
ites depends on measurement of the relative abund- 
ance of parent and daughter nuclides in a natural 
radioactive decay process. Useful improvement in 
sensitivity can be expected where one or both of the 
nuclides can be subjected to activation analysis. 
Potassium/argon and rubidium/strontium ratios are 
readily measured in this way. Uranium-238 can be 
estimated down to a limit of 10-12 gm. by the reaction 
880 (n, y8)***Np. For uranium-235 the limit of sensi- 
tivity so far achieved (at the Argonne National 
Laboratory) is 510-1! gm., using the reaction 
350 (n, f)!4°Ba. 

Activation analysis of biological material has 
attracted relatively little attention, though the 
method has many interesting potentialities. Several 
elements, including vanadium, manganese and cobalt, 
are important to plants or animals but their function 
in human nutrition is still obscure, through lack of 
sufficiently sensitive analytical methods. The role of 
vanadium in dental caries and of manganese in bone 
formation were two of the subjects suggested for study 
by activation analysis. Many problems in dental 
science and in animal biochemistry are also awaiting 
exploration by activation methods. 

Arsenic is an element of continuing interest in 
clinical science, partly because of its increasing uses 
and hazards in agriculture and partly because it is 
the only component of tobacco smoke known to be 
carcinogenic in man. Arsenic-levels in normal tissue 
are too low for accurate estimation in living subjects 
by conventional methods. Activation analysis has 
been used in several investigations of arsenic poison- 
ing, whether accidental or homicidal. An unusual 
toxicological experiment was the recent study by 
activation analysis of the remains of Erik XIV, a 
sixteenth-century Swedish king who died _ in 


THE CAPE TOWN SCI 


NCOURAGED by the success of the Science 
Exhibition held in Cape Town in March 1958, 
the Cape Council of the South African Association 
for the Advancement of Science, in collaboration 
with the Royal Society of South Africa, organized 
the second Science Exhibition in more spacious sur- 
roundings (10,500 sq. ft.) during the period April 
6-11. After introductory addresses by the chairman 
of the Organizing Committee and vice-president of 
the South African Association for the Advancement 
of Science, Dr. Ronald Singer, and by H.M. Astro- 
nomer at the Cape, Prof. R. H. Stoy, the Exhibition 
was Officially opened on the evening of April 6 before 
a distinguished audience of scientists, industrialists 
and educationists by His Excellency the Governor- 
General, Dr. E. G. Jansen. 
Dr. Jansen stated that the Exhibition must be of 
particular interest to the layman, “‘because although 
one does not always understand all that science has 
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mysterious circumstances. These tests gave support 
to the theory that ne was poisoned by mercury, 
said to have been administered in a dish of pea 
soup. 

Although thermal neutrons are the most versatile 
agents for activation analysis, fast neutrons have 


some distinctive applications. The estimation of 


traces of oxygen has been done satisfactorily by 
mixing the experimental sample with lithium fluoride 
and irradiating with fast neutrons to produce the 
reaction *Li(n. «)®H followed by 1*O(3H, n)!8F (half- 
life 112 min.). The limit of sensitivity of this method, 
as practised at Harwell, is 510-7 gm. of oxygen. 
Protons have been used for the estimation of boron 
in silicon, a test of considerable importance to 
transistor manufacturers. Neutron activation yields 
no suitable isotopes but fast protons induce the reac- 
tion 'B(p, n)C (half-life 20-4 min.). The silicon 
provides an internal standard by the _ reaction 
%Si(p, n)®°P. Concentrations of boron as low as 
1 in 10° have been measured in this way. Proton 
activation is useful also for the estimation of boron 
in germanium. Deuterons provide the best method 
for the estimation of magnesium in iron, by the 
reaction *4Mg(d, «)*2Na. An internal standard is 
given by the reaction ®**Fe(d, «)54Mn. 

Two conclusions emerged from the symposiurh. 
The first is that any laboratory using conventional 
methods of chemical or spectrographic analysis would 
do well to explore the possible advantages of activa- 
tion methods for some of its work. The second is 
that activation analysis, though superficially a 
simple technique, requires considerable skill in 
nuclear physics and in analytical chemistry for the 
full realization of its possibilities. 

The success of the meeting was enhanced by the 
genial hospitality of the sponsors and by the agree- 
able atmosphere of the magnificent new conference 
suite of the International Atomic Energy Agency in 
the Hofburg. The proceedings of the symposium 
will be published shortly in book form. A _ long- 
awaited manual of experimental procedures is in an 
advanced state of preparation at Oak Ridge. 


J. M. A. LENIHAN 
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to teach us, one realizes the importance of science 
and scientific research especially in the troublous 
times in which we live, and where science has, 
to a large extent. changed the life of civilized 
man and touches our everyday life at every 
point”. 

Dr. Jansen indicated that it is a rather startling 
thought that, according to some reports, the Soviet 
Union is more advanced than any other country, not 
only in certain fields of scientific research but also in 
the number of men and women receiving education 
and training in science and scientific methods. ‘The 
question arises as to whether sufficient is being done 
in that direction in our country. .. . If we believe 
that the future of the country is in the hands of the 
youth of to-day, we should surely see to it that the 
education of our boys and girls is in the hands of 
men and women most fitted for the task, and who 
are devoted to their work. It follows that they should 
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he adequately remunerated and enjoy fair conditions 
of employment.” 

The organizing committee produced a handsome 
brochure of 48 pages, providing not only a guide to 
the twenty-seven exhibits but also a general descrip- 
tion of the scientific methods behind each exhibit. 
in the introduction, Dr. Singer stated that ‘‘the 
Xxhibition is an attempt to present to the lay-public 
interesting aspects of modern scientific research and 
ihe application of science to industry and commerce. 
some, if not most, of the important research projects 
and applications of research to industry in South 
Africa have been carefully assembled for the public 
of Cape Town and environs. A wider understanding 
of scientific endeavour and its vast potential will 
inspire lay individuals and give them some insight 
nto the multitude of problems besetting almost 
every aspect of our daily lives—which we generally 
Ignorance of these matters must 
an ‘acceptance 


take for granted. 
only provide a false sense of security 
without contemplation’ which can only end in a 
degeneration of our standards of civilization’’. 


The exhibits (fixed at twenty-seven because of 


the limitations of space) were of three types—pure 
science, applied research and modern technical equip- 
ment. The South African Council for Scientific and 
Industrial Research presented a display depicting 
the nature and scope of its nine national research 
laboratories (roughly as outlined in Nature, 183, 853: 
1959), a demonstration on the electrodialysis process 


for desalting water, and a poster-demonstration of 


the theme “The Planet Earth”, emphasizing the 
international character of the recent International 
Geophysical Year. The methods of geophysical 
research were dramatically illustrated. The United 
Kingdom Information Office presented an impressive 
display outlining Britain’s role in the development 
of power from the atom. Models of Calder Hall and 
Zeta provided the basis of the exhibit. 

The Division of Fisheries presented its integrated 
programme of pelagic fish research, indicating the 
types of problem investigated and the directions in 
which the research has progressed. It clearly out- 
lined the essential part it played in the £15 million 
fishing industry. In addition, the Fishing Industry 
Research Institute at the University of Cape Town 
provided an exhibit covering three aspects of its 
research—electrical thermometers on board ships, 
protein analysis and the bacteriology of fish. 

The South African Broadeasting Corporation pro- 
vided a unique studio to display the great deal of 
research and development work that lies behind a 
modern transmission system. The methods used to 
minimize distortion and noise were demonstrated. 
The South African Railways and Harbours’ exhibits 
demonstrated centralized traffic control, the draught 
arrangement and problems in modern locomotives 
and the ultrasonic testing of materials. 

The tellurometer microwave system of precise 
measurement of distance (an electronic device which 
measures distance between a master unit at one 
end and a remote unit at the other by phase com- 
parison of a number of pattern frequencies) was 
invented in South Africa and is now used in many 
parts of the world. This was one of the exhibits by a 
number of industrial and commercial firms, including 
modern methods of sock-making, the scientific aspects 
of a modern motor-car, echo-sounders, industrial 
closed-circuit television, automatic alarm equipment 
on sea-going vessels, modern metal-spraying equip- 
ment, prevention of corrosion, atomic power in the 
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oil industry, the bacteriology of canned foods, the 
standardizing of colours of printing inks, etc. 

The South African Trigonometrical Survey ex- 
hibited the methods and techniques in modern survey 
operations. The Division of Entomology indicated 
the more important aspects of two of its research 
projects on forest and timber insects. Dr. S. H. 
Skaife exhibited his ingenious and simple equipment 
used in studying the habits and nature of some of 
the 400 species of ants in South Africa. The South 
African Museum’s exhibit demonstrated a 14-ft. 
fibre-glass cast of a slab of rock containing the foot- 
prints of three mammal-like reptiles which lived 200 
million years ago in Basutoland. 

The South African Association for the Advance- 
ment of Knowledge and Culture displayed methods 
of promoting science education. 

The most dramatic and most popular exhibit was 
that of the Department of Surgical Research of the 
University of Cape Town, which had a working 
heart-lung machine, and films and slide demon- 
strations on open-heart surgery: approximately 
twenty people a day were treated for syncope by 
the St. John Ambulance Brigade. 

Films of scientific interest were screened through- 
out the daily 12-hr. period when the Exhibition was 
open in a specially erected cinema inside the hall. 

Approximately 17,000 people of all races visited 
the Exhibition, in comparison with 5,000 who 
attended the 1958 Exhibition. As a result of the 
sale of the brochure and the renting of exhibition 
space to commercial firms, more than £1,200 was 
collected. Most of this money will form the basis of 
a fund to provide scholarships to suitably qualified 
young men and women who wish to take up science 
as a career. 

This Exhibition is part of an ambitious programme 
on which the Cape Council of the South African 
Association for the Advancement of Science has 
embarked during the past three years to stimulate 
an interest in and an understanding of the progress 
of modern science among non-specialists and laymen. 
The Council organizes four to five science film shows 
a month which attract capacity audiences, and, in 
addition, fortnightly luncheon film shows are put on 
at the South African Museum (where there is at 
present also a planetarium attracting visitors). 
Through the Council’s initiative, refresher courses for 
science teachers are now regularly provided at the 
major South African universities, and at present the 
first in a series of autumn lectures (based on the 
Christmas Lectures in the United Kingdom) is being 
arranged for senior pupils at schools in and around 
Cape Town. Regular conversaziones are held, and 
last year the Council organized the Darwin—Wallace 
centenary week of exhibitions, lectures and symposia 
on evolution. A special committee is investigating 
science teaching, and particularly mathematics, in 
schools and making recommendations for improve- 
ment to the educational authorities. The formation 
of a Parliamentary and Scientific Committee is being 
mooted, and the Cape Council is already planning 
for the Diamond Jubilee Congress of the Association 
in 1962, when it hopes to invite distinguished scientists 
from overseas. 

The Cape Council of the South African Association 
for the Advancement of Science firmly believes that 
in providing these services to the lay public it will 
eventually produce noticeable effects on the future 
leaders of not only science but also polities, religion, 
ethics and moral philosophy. RONALD SINGER 
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THE PHYSICAL SOCIETY 


rT HE contents of the 1958 Year Book of the 

| Physical Society (pp. v+106. London: Phys- 
ical Society, 1958. 12s. 6d.), the fourth in the annual 
series, follows the pattern of previous volumes. It 
contains the texts of the ninth Charles Chree Lecture, 
the thirteenth Holweck Lecture and the forty-second 
Guthrie Lecture; the addresses delivered by the 
recipients of the thirty-fifth Duddell Medal and the 
fourteenth Charles Vernon Boys Prize ; the discourses 
given at the forty-second Physical Society exhibition 
of scientific instruments and apparatus ; obituary 
notices of six fellows including Viscount Cherwell ; 
and the report of the Council of the Society for 
1957. 

In his Guthrie Lecture, Prof. W. E. Lamb spoke 
about some experimental tests of quantum electro- 
dynamics and explained how measurements of the 
fine structure of hydrogen and similar atoms by 
microwave methods have provided valuable informa- 
tion about the interactions between elementary 
particles and have stimulated theoretical calcula- 
tions. The Holweck Lecture, which was delivered 
by Prof. A. Abragam (Centre d’Etudes Nucléaires de 
Saclay) on May 1 at Cambridge, was entitled “Spin 
Temperature”, and in it he showed by various ex- 
amples how the concept of spin temperatures, positive 
or negative, is not only valid but also most fruitful. 
The secular variation of the magnetic field of the Earth 
has been known for many years, but it is only recontly 
that any reasonable theories for the variation have 
been developed. In his Charles Chree Lecture, Sir 
Edward Bullard surveyed the experimental know- 
ledge on the subject, and indicated that the theory 
that the variation is due to motions in an electrical 
conducting fluid core has much to commend it and 


is closely related to the dynamo theory of the origin 
of the main field. . 

The measurement of the thickness of the helium 
film was the subject of the Duddell Medal address 
given by Prof. L. C. Jackson. He described how, in 
experiments at Bristol, a polarized light method used 
for the determination of the thickness of thin films 
of transparent materials was adapted to the measure- 
ment of the thickness of the helium film and how by a 
steady improvement in technique consistent observa- 
tions were made of the helium-2 film as a function of 
height and temperature. The Charles Vernon Boys 
Prize address, entitled ‘Development of Bubble 
Chambers and some recent Bubble Chamber Results 
in Elementary Particle Physics’’, isa verbatim account 
taken from a tape recording of Dr. D. A. Glaser’s talk 
which he delivered at Harwell on July 10, 1958. 

The lectures and addresses will interest all physi- 
cists, but they deal with specialist subjects. The 
general reader will perhaps be attracted mostly by 
the discourses, and in particular by Mr. M. H. 
Wilson’s account of Goethe’s colour experiments, 
which is illustrated by some coloured prints. The 
other two discourses deal with some uses of physics 
in archeology (ultrasonic cleaning ; proton magneto- 
metry ; optical, X-ray and gamma-ray spectrometry ; 
and magnetic and radioactive dating), and some 
recent investigations with aircraft on the physics of 
clouds and rain. 

The Year Book is now the only publication of the 
Physical Society which is issued free to members. It 
is a most valuable and well-produced volume, and it is 
hoped that it will continue to be issued, even when the 
proposed amalgamation of the Society withthe Institute 
of Physics actually takes place. S. WEINTROUB 


THE NATIONAL PHYSICAL LABORATORY 


’YWHE various changes in the work and organiza- 

l tion of the National Physical Laboratory at 
Teddington, which have either taken place or are 
under active consideration, are outlined in the annual 
report (Report of the National Physical Laboratory 
for the year 1958. Pp. viii+134+8 plates. London : 
H.M. Stationery Office, 1959. 8s. net), which has 
recently been published. It contains the report of 
the Executive Committee, which was presented to 
the General Board at its meeting on May 28, 
one of the annual open-days of the Laboratory ; 
detailed reports prepared by the respective super- 
intendents, of the work of the nine divisions of the 
Laboratory ; the names of members of the Board 
and its committees, and of the senior staff of the 
Laboratory ; and lists of the various papers pub- 
lished by the director and members of staff during 
the year. 

In accordance with the recommendations of the 
review committee set up in 1957 to consider the 
organization and research programme of the Labor- 
atory, the Electricity, Metrology and Physics Divisions 
were replaced by the three new Divisions of Applied 
Physics, Basic Physics and Standards. Work on the 


differential analyser in the Mathematics Division ; 
on refractories in the Metallurgy Division; and on 
glass working in the Light Division, has been dis- 
continued. In the Applied Physics Division the 
future of the high-voltage work has not yet been 
decided, but the testing of magnetic materials has 
been allowed to continue. New projects in this 
Division are radiocarbon dating and the development 
of a national centre for neutron source standard- 
ization. In the Mathematics Division increased 
emphasis is to be placed on theoretical physics, and 
with Ace now almost complete and in use by the 
Mathematics Division, the Control Mechanisms and 
Electronics Division has been re-orientated to new 
fields of research such as process control by com- 
puters that learn to make correct changes by trial 
and error methods, and the development of new 
components for very high-speed computers. 

No marked changes are contemplated in the 
research programmes of the Light, Metallurgy or 
Standards Divisions. The principal change in the 
work of the Ship Division is that more attention will 
be given to problems connected with the sea-going 
qualities of ships in rough water. Dr. E. Lee, pre- 
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viously director of operational research to the 
Admiralty, who was appointed to fill the new post 
of deputy director of the Laboratory, is expected to 
he of considerable assistance in connexion with the 
extension of the impact of the work and policy of 
the Laboratory on industry. Dr. J. A. Pople took 
up his post as superintendent of the Basic Physics 
Division on October 1; work on the application of 
magnetic resonance to the study of the structure and 
properties of materials, on the physics of high 
polymers, and on the study of free radicals, is to be 
commenced in that Division. 

During 1958, sixteen scientific officers and twenty- 
three experimental officers were newly appointed, 
hut although these represent record numbers there 
was no net gain in the total staff. The hope is 
expressed in the annual report that foreign scientists 
will be attracted to come and work at the Laboratory 
for a few years as Research Fellows, and that more 
firms will second staff for periods of work at the 
Laboratory. Contact with the universities was 
maintained, but no details of any extra-mural 
contracts with universities are given in the report. 
Six members of university staffs were appointed as 
vacation consultants during the summer months, 
and nineteen vacation students worked at the 
Laboratory. 

Two open days were again held, and of the 7,900 
people invited, 3,250 attended. Two international 
symposia were held during the year. The ninth in 
the series, which took place during June 4-6, dealt 
with the physical chemistry of metallic solutions and 
intermetallic compounds, and the tenth, on ‘““The 
Mechanization of Thought Processes’’, during Novem- 
ber 24-27, evoked such considerable interest that the 
attendance had to be limited to the two hundred 
who could be accommodated. The proceedings of 
the symposium on visual problems of colour, held 
in September 1957 ; No. 19 in the series of Notes on 
\pplied Science entitled “Signal Generators, Attenu- 
ators, Voltmeters and Ammeters at Radio-Fre- 
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quencies” ; and a second volume, ““Tables of Everett 
Interpolation Coefficients”, in the series of NPL- 
Mathematical Tables, were published during the 
year. In addition to a full programme of lectures, 
talks and discussions, in which the staff have par- 
ticipated, there have been several sound and tele- 
vision programmes based on work and tests carried 
out at the Laboratory. A transportable NPL cesium 
atomic-clock was included in the exhibition ‘‘Pen- 
dulum to Atom’’, organized by the British Horological 
Institute, and the Laboratory provided items for 
display at the Physical Society Exhibition, the Gauge 
and Tool Exhibition, the Royal Society soirée, and 
an exhibition for freshmen at St. John’s College, 
Oxford. 

The Lord President of the Council, Lord Hailsham, 
visited the Laboratory on June 5, and the chairman 
of the Council for Scientific and Industrial Research, 
Sir Harry Jephcott, on July 17. On February 26, a 
sub-committee of the Select Committee on Estimates 
inspected the Laboratory and appeared generally 
satisfied with the work being done, but expressed 
concern at the possibility of overlap of work and 
facilities between the Ship Division of the Laboratory 
and the Admiralty in relation to research on hull and 
propeller design. There is formal liaison between 
the two establishments through the Froude Ship- 
Research Sub-committee, and informal liaison be- 
tween the superintendent of the Division and senior 
officials in the Admiralty. 

A building plan for the long-term development of 
the Laboratory site is being considered in con- 
sultation with the Ministry of Works, and a centre, 
with lecture, conference and restaurant facilities, has 
at long last been authorized. A new physics building 
and a building properly equipped for the mechanical 
working of difficult materials have been included in 
the 1959-64 proposals. Reference is also made to the 
Ship Hydrodynamics Laboratory at Feltham [which 
was opened by the Duke of Edinburgh on October 19, 
see p. 926 of this issue of Nature]. 


YELLOWSTONE PARK EARTHQUAKE 


N August 18 an earthquake occurred at 06h. 
37m. 13s. G.M.T. from an epicentre near the 
western boundaries of Yellowstone National Park 
(epicentre lat. 443° N., long. 111° W.). The earth- 
quake had a magnitude of 7-1 or rather greater on 
the Richter Scale. The shock appears to have had a 
normal depth of focus. Most damage appears to 
have been caused by the earthquake near the Hebgen 
dam in south-western Montana. The dam is built 
at an altitude of 6,000 ft. and holds up a lake some 
37 miles long in a narrow canyon, through which 
flows the Madison River. The dam is 87 ft. high 
and 718 ft. long. In addition to cracking parts of the 
hase of the floor of the lake and producing minor 
cracks in the earth and rock section of the dam, the 
earthquake started a huge wave in the lake, which 
threatened further damage. Fortunately, the wall 
held fast. The surge of water in the lake and canyon 
is reported to have caused an air blast which stripped 
the clothing from one person. 
Some seven miles below the dam, landslides from 
an 8,000 ft. high mountain blocked the road and the 
The road and the surrounding countryside 


river, 


were severely fissured. Roads leading into the 
western side of Yellowstone Park were closed. 
Perhaps two hundred people, including ranchers, 
campers, fishermen and tourists in about fifty cars, 
were trapped between the landslide and the lake. 
Ten people are reported to have been killed and 
sixty injured. Telephones and _ electric power 
installations were out of action. Buildings shifted 
on their foundations, chimneys fell and fuel pumps 
toppled over. 

The elastic waves of the earthquake were recorded 
by seismographs at observatories throughout the 


world. At Kew Observatory the provisional readings 
are: 
eP O6hr. 48min. 11sec. G.M.T. 
iS O6hr. 57min. 13sec. G.M.T. 
MH O7hr. 18min. O0sec. G.M.T. amplitude 570u 
; 12hr. 00min. O0sec. G.M.T. 


In the past the regions most affected seismically 
in this part of the United States have been east of 
Helena, Montana (lat. 46° N., long. 111-2° W.), and 
north-east of the centre of Helena (46-6° N., 112° W.}, 
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Table 1. AFTERSHOCKS OF THE YELLOWSTONE PARK EARTHQUAKE 
OF AUGUST 18 (ALL DURING AUGUST) 
a | Magnitude | 
Initial day and time Epicentre Richter | 
(G.M.T.) | Scale 
Day Hour | Minute | Second Lat. Long. | M 
N.) CW.) 
18 | 07 54 32 1 45 | 111 —_ 
is | 15 26 06 | 444 111 64 
19 ; O04 04 03 45 111} 6 
19 | 19 | 06 | 29 45 111-4 -— 
19 i9 | 43 45-7 45 1103 
19 21 | 45 | 57 45 1114 - 
20 10 59 | 11 45 111 
20 19 11 27 | 45 111 


From the first of these epicentres earthquakes on 
June 27, 1925, reached intensity 10 on the Rossi- 
Forel Scale and caused greatest damage at Man- 


A THEORY 


rT HE theory of ageing put forward by Szilard! 

refers explicitly to mammals. It is the purpose 
of the present communication to point out that this 
theory cannot explain ageing in Drosophila, since it 
is inconsistent with two experimental observations. 
This of course does not prove that it cannot explain 
ageing in mammals; but reasons will be given for 
doubting that it does so. 

Szilard postulates the random occurrence of ‘hits’, 
each hit rendering ineffective the genes of a whole 
chromosome, or perhaps of a large segment of a 
chromosome. A cell becomes ineffective either when 
two homologous chromosomes have each suffered a 
hit, or when one of a pair of homologues has suffered 
a hit, and the other carries an inherited ‘fault’. By 
a fault is meant a recessive gene which in homozygous 
condition renders the cell inviable, or incapable of 
performing a necessary function in the adult organ- 
ism. Death occurs when some predetermined fraction 
of the cells initially present is in this way rendered 
ineffective ; Szilard suggests that this fraction is of 
the order of 2/3 to 11/12. 

It is a direct consequence of this theory that, in 
the author’s words: “The main reason why some 
adults live shorter lives and others live longer is the 
difference in the number of faults they have inherited’’. 
This is the first consequence of the theory which is 
contradicted by observations on Drosophila. In so 
far as differences in adult longevity are genetically 
determined, by far the largest differences are those 
between inbred and outbred individuals?*.  F, 
hybrids between inbred lines live for longer than 
do the parental lines (sometimes for twice as long). 
Outbred and genetically variable wild populations 
have approximately the same expectation of life as 
do F, hybrids. Now inbreeding increases the propor- 
tion of loci at which individuals are homozygous. An 
individual which survives for an appreciable time as 
an adult cannot, by definition, be homozygous for a 
fault. Therefore inbred individuals which survive 
to become adults, and which do not die immediately 
after emergence, are not homozygous for faults at 
any loci, and would be expected to be heterozygous 
for faults at fewer loci than are members of outbred 
wild populations. If two inbred lines are crossed, 
the F, hybrids would be expected to carry a load 
of faults intermediate between the loads carried 
by the parental lines. Thus according to Szilard’s 


September 26, 1959 vou. 184 


hattan, Logan, Three Forks and Lombard. From 
the second location shocks in October and November, 
1935, attained maximum intensity 9 on the Rossi- 
Forel Scale. However, minor shocks of intensity 4-5 
(R.F. Seale) from an epicentre in Yellowstone National 
Park, Wyoming (44° N., 111° W.), occurred at various 
times from August 24 to December 22, 1930. In 1947 
(November 23) at 09h. 46m. 05s. G.M.T. a shallow 
focus earthquake from an epicentre 443° N., 111?° W. 
reached a magnitude 6} on the Richter Seale. Earth- 
quakes are always liable to recur at or near old 
epicentres. 

Aftershocks of the earthquake of August 1959 
so far listed by the United States Coast and Geodetic 
Survey are given in Table 1, although smaller shocks 
are said to have occurred at intermediate times. 

E. TILLOTSON 


OF AGEING 


theory, inbred lines should have a higher expectation 
of life than wild populations, and F’, hybrids between 
inbred lines should be intermediate between their 
parents. Neither of these predictions is in fact true. 

Further, since males have only a single X chromo- 
some, any hit on that chromosome in a male would 
render the cell inviable, whereas in a female not 
heterozygous for a sex-linked fault both X chromo- 
somes must be hit before a cell becomes inviable. 
Therefore females should live longer than males. 
This again is not the case in D. subobscura. In some 
strains females do live longer than males, but in other 
strains, both inbred and outbred, the reverse is true. 
This point is particularly telling since in Drosophila 
the sex chromosomes account for about one-fifth of 
the total chromosome material. 

The other group of facts which are inconsistent 
with the theory concern the rate of ageing at different 
temperatures’. Female D. subobscura of a particular 
strain have an expectation of life of about 56 days 
at 20° C. and of 18 days at 30-5° C. The changes 
responsible for death at 30-5° C. are not repaired or 
reversed in individuals kept for a time at 20° C. 
Consequently the changes responsible for death at 
both temperatures can properly be regarded as 
ageing processes. If these processes were, at each 
temperature, those postulated by Szilard, differing 
only in the rate at which hits occur, it follows that 
individuals kept for an appreciable time at 30-5° C. 
should have, when returned to 20° C., an expectation 
of life at that temperature lower than that of indi- 
viduals of the same chronological age not previously 
exposed to 30-5° C. In fact, exposure to 30-5° C. for 
periods of the order of half the expectation of life at 
that temperature does not alter the further expec- 
tation of life at 20° C. of males, and significantly 
increases that of females. 

Hence, if, despite the genetic evidence to the 
contrary, we assume that ageing at 20° C. is due to 
random hits on chromosomes, then ageing at 30-5° C. 
cannot be explained by the same process proceeding 
at a higher rate. In other words, either at 20° C. 
or at 30-5° C. ageing must be due to a process different 
from that postulated by Szilard ; it is possible, and 
in my view likely, that such a process is not primarily 
responsible for ageing at either temperature. 

It is perhaps unreasonable to criticize a theory 
intended to explain ageing in mammals by quoting 
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observations on insects. Unfortunately the tempera- 
ture experiments cannot be repeated on a homio- 
therm. But there is some evidence® in mice, as well 
as in Drosophila, that inbred individuals do not live 
as long as outbred ones. In addition to this purely 
observational point, there is one more general reason 
why Szilard’s work has made a theory of ageing by 
omatic mutation less, and not more, promising than 
it had previously appeared to be. It is assumed that 
‘target’ is a whole chromosome ; a ‘hit’ renders 
ineffective all the genes carried by that chromosome. 
This assumption is made because, as Szilard shows, 
if it were assumed that the target were an individual 
gene, it would be necessary also to assume that each 
individual earried a load of faults so high as to be 
neonsistent with the known fertility of consan- 
suineous marriages. There are events, particularly 
initotie errors and chromosome breakages, which 
would deprive cells of whole 
large segments of chromosomes, but they do not 
seem likely to be common enough to be the main 
cause of ageing. Most biologists would be happier 
with a theory which assumed as the unit event a hit 
on a gene, using the word gene here to refer to a 
functional unit or cistron. Perhaps the most impor- 
tant thing Szilard has done is to show that such a 
theory, at least in its simplest form, would run into 
difficulties. 
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Aut the observations quoted by Mr. Smith 
in his interesting communication relate to fruit 


flies and they fall into two classes: observations 
which we may expect to be able to duplicate in the 
case of mammals and those which we may not. Since 
| do not propose to discuss here whether the theory 
might or might not be extended to insects, I am 
primarily concerned with the former of the two classes. 

Smith states that a genetically variable, ‘wild’, 
population of fruit flies has a substantially higher 
life expectancy than inbred, fairly or wholly homo- 
zygous, strains derived from it. He also states that 
the F, hybrid, obtained by crossing two different 
inbred strains, has a substantially higher life expec- 
taney than the two inbr:d strains themselves. Smith 
holds that these findings are not compatible with the 
theory of ageing that I proposed. 

It is probably true that the observations quoted 
above could be duplicated with mammals and T am 
quite prepared to accept this thesis for the sake of 
argument. As I shall presently show, however, my 
theory does not preclude that the homozygous inbred 
strains may have a substantially smaller life expec- 
taney than the wild type strains. Further, the theory 
demands that the life expectancy of the F’, hybrid 
be appreciably higher than that of the wild type 
strain, if the wild type strain carries a substantial 
number of faults. In order to see this, we may 
consider the following. 

At present there is no evidence that a gene may be 
responsible for anything except for the production 
of a specific protein molecule which might be endowed 
with a specific enzymatic activity. In a wild popula- 
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tion, a given gene may be present in the form of a 
variety of alleles and the corresponding enzymes may 
differ in their turnover number. For the purposes 
of discussion here, I shall call an allele ‘weak’ if 
the turnover number of the corresponding enzyme 
is small. If this turnover number is very small, the 
allele might be a lethal. A completely 
homozygous strain is, of course, free of recessive 
lethals, but it may contain a number of ‘weak’ 
alleles. 

Again, for the purposes of discussion here, I shall 
adopt a somewhat over-simplified picture, and shall 
disregard the possibility that the enzyme-levels in 
the somatic cells may be determined to some extent 
by the regulatory mechanisms of the cell through 
enzyme induction or otherwise. On this over-sim- 
plified basis, we may then say that the somatic cells 
of an inbred strain, which is homozygous for a number 
of ‘weak’ alleles, are impoverished in the correspond- 
ing enzymes, so far as their biochemical activity is 


recessive 


concerned. 

My theory assumes that only a small fraction of 
the enzymes, less than one-fifth perhaps, is important 
for the functioning of the somatic cells of the adult, 
while practically all of the enzymes may be important 
for differentiation and morphogenesis during the 
embryonic life of the individual. Accordingly. we 
may then expect that an individual of the inbred 
strain (which is homozygous for a number of ‘weak’ 
alleles) may be maldeveloped, in the sense that it may 
have a much smaller reserve at birth than the wild 
type individual, with respect to a number of physi- 
ological functions. Thus it is conceivable that an 
individual belonging to an inbred strain may die at 
an age at which f, the ‘surviving’ fraction of its 

: ' 1 1 
somatic cells, has fallen to, say, f* = 5-5 —; Whereas 
2:72 € 
an individual belonging to the wild-type strain may 
die at an age at which f, the ‘surviving’ fraction of 
its somatic cells, has fallen to about f* = & i 
7-4 

We may compute for this case the most probable 

age at death, for man, from formula (14) given on p. 33 


of nry paper (loc. cit.), which reads : 


Lp lr = af Amines L In m 


where 2; is the number of hits at death; + is the 
number of the inherited faults ; m 23 is the number 
of chromosome pairs and f* is the surviving fraction 
of the somatic cells at the age of death. 

The most probable age at death, ¢,, is given by : 
ty 6 X wy years. 

For the inbred strain we obtain ¢,, the most probable 


oa 1 : 
age at death, by writing: 7 = 0 and Ine, ~ 1. We 


thus obtain ¢; = 63-6 years. 
For the wild type we obtain ¢,, the most probable 
2 and In, = 2. We 


thus obtain t,; = 81-5 years. The actual value for 
white females in the United Statesis: t, 80-5 vears. 
For the F, hybrid we obtain t,, the most probable 


We 


se l 
age at death, by writing: 7 7s 


we ] 
age at death, by writing: + = 0 and In ~ 2. 


thus obtain t, = 93-5 years. This is 12 
than the value for the wild type. 

It may thus be seen that a substantially shortened 
life expectancy of the homozygous, inbred strain. as 


years more 
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compared with the wild type, need not be inconsistent 
with the theory. However, an increased life expec- 
tancy of the F’, hybrid as compared with the wild type 
strain is a necessary consequence of the theory. 
This consequence of the theory could be tested by 
experiments on short-lived mammals, say mice. In 
order to render the experiment more sensitive, one 
may first expose to ionizing radiation a population 
of wild type mice over several generations and may 
thereby increase the number of faults in the popula- 
tion. Starting with such a ‘wild’ population, enriched 
in faults, one would then select two unrelated families 
and derive from them two inbred homozygous 
strains. The theory demands that the /, hybrid of 
these two inbred strains should live appreciably 
longer than the population from which the two 
families were selected. Given a suitable opportunity, 
[ propose to arrange for experiments of this sort. A 
negative result might well prove fatal for the theory. 
I should perhaps add at this point that the observed 
differences in the life expectancy of the male and the 
female do not provide a usable criterion for the 
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validity of the theory because /*, the ‘surviving’ frac- 
tion of the somatic cells at death, might differ 
appreciably for the male and the female. 

Smith cites a rather peculiar effect of the tempera- 
ture on the life expectancy of the male and the female 
It seems to me that any future 
theory of ageing that may be generally applicable to 
insects would be put to an unduly severe test, were 
one to demand that it account for this particular effect. 

Because the theory of ageing that I proposed makes 
quantitative predictions, it is capable of being dis- 
proved by experiments and, sooner or later, such 
might be its fate. At present I am not aware, how- 
ever, of any valid observations which contradict this 
theory. In these circumstances, I am not at present 
disposed to agree with the appraisal of the theory 
implied in the last paragraph of Mr. Smith’s com- 
munication. 


in D. subobscura. 


LEO SzILARD 
Enrico Fermi Institute for Nuclear Studies, 
University of Chicago, 
Chicago, Ill. 


CROSS-LINKING OF DEOXYRIBONUCLEIC ACID IN 
SPERM HEADS BY IONIZING RADIATIONS 


By Dr. P. ALEXANDER and Dr. K. A. STACEY 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, 
London, S.W.3 


RRADIATION with X-rays of deoxyribonucleic 
I acid in dilute aqueous solution leads to a reduction 
in the size of the molecule due to attack by hydroxy! 
radicals'. Irradiation of the solid acid as the sodium 
salt was claimed by us to reduce the molecular weight? 
and we wrongly concluded (see below) that ionizing 
radiations, whether acting directly or indirectly via 
free radicals from water, produce breaks in the main 
chain. Sinee in vivo deoxyribonucleic acid is con- 
jugated with protein, nucleoprotein obtained from 
the sperm of fish was irradiated and attempts were 
made to isolate the deoxyribonucleic acid so as to 
measure its molecular weight and to see if its radio- 
sensitivity was affected by the presence of proteins. 
Sperm heads were chosen for these experiments 
since they contain essentially only deoxyribonucleic 
acid and protamine. They can be prepared without 
denaturation as they take up only a few per cent of 
water and no break up of the native configuration 
oceurs due to swelling. After the nucleoprotein 
complex has been dissociated in 2 M sodium chloride, 
deoxyribonucleic acid can be isolated in a very pure 
form (less than 0-1 per cent of protein contamination) 
by precipitating the protamine by the usual pro- 
cedure? with an anionic soap, sodium dodecyl! sulphate. 
The detergent-protamine complex is removed by 
centrifugation at 20,000g for 30 min. If the sperm 
heads are obtained from viable sperm by cytolysis 
at temperatures below 4° C., the recovery of deoxy- 
ribonucleic acid is quantitative (better than 95 per 
eent). 

Following irradiation by 20,000—1,000,000 rads 
with 1-MeV. electrons from a Van de Graaff machine, 
the sperm heads dissolved apparently completely in 
2 M sodium chloride, but after the removal of the 


protamine complex it was found that a substantial 
fraction of the deoxyribonucleic acid had been lost. 
In this dose range, no deoxyribonucleic acid was lost 
if the solution in 2 MW sodium chloride was centri- 
fuged at 20,000g for 2 hr. It was found that the loss 
of deoxyribonucleic acid was related to the dose as 
shown in Fig. 1. No significant difference was found 
between sperm-heads from salmon, trout and herring ; 
and moreover, the same effect was obtained if viable 
whole sperm were irradiated in their seminal fluid 
and the nucleoprotein isolated after irradiation. 


Evidence for Cross-linking 

A possible reason for the loss of deoxyribonucleic 
acid on the addition of the detergent is that some of 
the protamine is chemically linked by the radiation 
to the deoxyribonucleic acid so that it, too, is involved 
in the detergent-complex*. But all attempts to demon- 
strate such a combination have failed. Thus the 
deoxyribonucleic acid was precipitated quantitatively 
from the dispersion of sperm heads in 2 M sodium 
chloride by the addition of a polyvalent cation, 
lanthanum chloride, and the precipitate analysed 
for protein by paper chromatography. No differences 
could be detected between the control and irradiated 
samples, though the latter ‘lost’ 30-50 per cent of 
their deoxyribonucleic acid on the addition of the 
detergent and neither contained more than 0-5 
per cent protein. The best evidence that there was 
no combination with protein was obtained by 


isolating the deoxyribonucleic acid by ultracentrifuga- 
tion. In a preparative ‘Spinco’ the deoxyribonucleic 
acid from a solution of sperm heads in 2 M salt 
(concentration of deoxyribonucleic acid 0-03 per cent) 
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deoxyribonucleic acid from nucleoproteins. @ and 


Different preparations of salmon sperm heads ; , trout sperm 

heads ; nuclei from herring testes; , Viable trout 

sperm ; —@-, ‘reconstituted’ nucleoprotamine fibres from trout 
sperm heads 


was completely spun down after 15 hr. at 35,000g. 
The pellet of deoxyribonucleic acid was dissolved 
in water and then respun in 2 M salt under the same 
conditions. This was repeated twice and the final 
pellet of deoxyribonucleic acid contained less than 
0-1 per cent protein, according to the sensitive 
chromatographic technique of analysis developed 
by Kirby®. No difference in the protein content 
could be detected between deoxyribonucleic acid 
prepared in this way from irradiated and unirradiated 
sperm. 

However, the solubility behaviour of the pellets of 
deoxyribonucleic acid obtained by ultracentrifugation 
is changed by irradiation and this provides evidence 
for the mechanism by which part of the deoxy- 
ribonucleic acid is removed by soaping after irradia- 
tion. While the control samples dispersed completely 
in 0-1 M sodium chloride, the deoxyribonucleic acid 
pellet from irradiated sperm heads contained some 
deoxyribonucleic acid in gel form which could be 
removed by spinning at 20,000g for 3 hr. The amount 
of deoxyribonucleic acid spun out under these con- 
ditions increases with radiation dose and is, within 
experimental error, equal to the soaping loss. This 
vel component separated from irradiated sperm heads 
by centrifugation is not made soluble by the addition 
of trypsin, which digests protamine very rapidly. 

These results can be interpreted as showing that on 
irradiation some of the deoxyribonucleic acid has 
been cross-linked to form a very loose gel-like network 
which is so highly swollen in water that it is not spun 
out in a short time by centrifugation at 20,000g 
but is seavenged by the very flocculent precipitate 
produced by the addition of sodium dodecyl] sulphate 
to 2 M sodium chloride. After very high-speed 
‘entrifugation this material is compacted and can 
be removed by ordinary centrifugation at 20,000g. 
Irreversible behaviour of this type is to be expected 
from very lightly cross-linked gels. This interpre- 
tation is further supported by the fact that after 
very large doses (that is, greater than 3 108 rads), 
deoxyribonucleic acid gel is removed by centrifu- 
zation at 20,000g presumably because the swelling 
has been reduced by additional cross-links which 
tighten up the network. After 8 x 10° rads the sperm 
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heads no longer disperse at all in concentrated salt 
solutions. 

The relationship between the amount of deoxyribo- 
nucleic acid removed by soaping (that is, the amount 
not behaving as gel) and radiation dose (see Fig. 1) 
is that found for cross-linking of synthetic polymers®. 
The threshold, known as the gel point, arises from the 
fact that a minimum number of cross-links have to 
be formed before any part of the material has been 
linked into an ‘infinite’ network required for it to 
behave as a gel. Charlesby® demonstrated theoretic- 
ally for linear polymers that at the gel point the 
number of cross-links equals the number of mole- 
cules present. Since the cross-links are distributed 
statistically, some molecules will be unchanged 
whereas others will be involved in several cross-links, 
and it is these which form the gel fraction. 

From the simple relationship of Charlesby it. is 
possible to calculate the energy that has to be put 
into the system for a cross-link to be produced from 
the threshold dose and the molecular weight of the 
polymer. The weight average molecular weight of 
the deoxyribonucleic acid light 
seattering and found to be between 9 and 11 10°, 
though there was some variation from sample to 
sample. These high molecular weights, which are 
confirmed by viscosity measurements, can only be 
obtained by starting the preparation with viable 
sperm. If the sperm heads are stored, deoxyribonucleic 
acid of lower molecular weight is obtained. With a 
threshold of 2 104 rads and deoxyribonucleic acid 
having a weight average molecular weight of 10° 
(assumed to be twice the number average) a value of 
40 eV. per cross-link formed is obtained. This shows 
that the reaction is a very efficient 
process. 

From the shape of the curve relating radiation dose 
and gel formed, it is possible® in polymer systems 
to determine whether breaking of chains 
occurred at the same time as cross-linking. For this 


was measured by 


cross-linking 


some 


calculation the points at high doses are critical ; 
«‘ the same time, experimentally these are the 


lease “elehle, because they are biased by trapping 
non-cross-linked material within the gel network. If 
applicable, this calculation would show that there can- 
not be more than one break for every four cross-links. 
but that there may be less. The average molecular 
weight of the residual deoxyribonucleic acid left 
after the removal of gel by centrifugation at 20,000g 
is less than that of the starting material and con- 
tinues to decrease with increasing dose. This is in 
accord with cross-linking theory® since the deoxy- 
ribonucleic acid is polydisperse and the largest 
molecules will be the first to enter the gel fraction ; 
the smaller molecules are left in the soluble fraction. 
This drop in the average molecular weight does not 
imply the occurrence of chain scission. 


Mechanism of Cross-linking 

No analytical work has been attempted to determ- 
ine the nature of the cross-link that is formed 
between deoxyribonucleic acid molecules. The 
possibility that they are an effect of aggregation by 
secondary valency forces (for example, hydrogen 
bonds) has been considered, but seems very unlikely 
in view of the general properties of the gel and the 
fact that it is not dispersed by the powerful hydrogen- 
bond breaking solvent, 4M urea. We do not know 
whether the gel-like structure is formed by molecules 
that are joined together by a covalent bond or by a 
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chain-branching mechanism, involving breakage and 
reunion, which is called end-linking by Charlesby. 
At the present time we use the term cross-linking 
loosely to denote a reaction that results in the 
formation of deoxyribonucleic acid with gel-like 
properties. 

A degree of order seems to be necessary for efficient 
cross-linking since the dose of radiation needed to 
produce gel in reconstituted nucleoprotamine fibres, 
which were obtained by diluting solutions of sperm 
heads in 2 M sodium chloride, is three times greater 
than that needed to gel the sperm heads, which have 
the same overall composition. The reconstituted 
product is known to have an irregular structure and 
its composition is not stoichiometric’. In recent 
experiments with Mr. John Lett, evidence for cross- 
linking has been found even when pure deoxyribo- 
nucleic acid is irradiated as a solid. Although no 
gel is formed, except at very high doses, the results 
suggest that both cross-linking and main-chain 
breaking occur simultaneously, but that the efficiency 
of the former depends very much on the nature of 
the sample. The great preponderance of main-chain 
breaks found in our earlier work? may probably be 
ascribed to the fact that the deoxyribonucleic acid 
used was of lower quality. The fact that our present 
samples have nearly twice the molecular weight of 
those used earlier supports this explanation. The 
exact factors determining the change-over from 
cross-linking to degradation when the sodium salt 
of deoxyribonucleic acid is irradiated are now being 
studied, but it seems that the amount of cross- 
linking is very dependent upon the closeness of the 
packing of the deoxyribonucleic acid chains. The cross 
linking is due to the direct action of the radiation ; 
the free radicals produced in the water in which the 
sperm heads are suspended play no part, presumably 
because their range is too short. This was established 
by the fact that the cross-linking efficiency is indepen- 
dent of the amount of water in which the specimens 
are suspended and, moreover, alcohol-dried herring 
sperm give essentially the same result, though for 
experimental convenience we have preferred to irra- 
diate suspensions. 

The addition of 1 per cent cysteamine to a 10 per 
cent suspension of sperm heads provides powerful 
protection, reducing the amount of cross-linking to 
approximately half. This is not in conflict with the 
deduction that the action is largely direct, since 
protection under these conditions was first reported 
by Alexander and Charlesby® for polymers and more 
recently by Markovich for phage. If the irradiations 
are carried out under oxygen instead of air the amount 
of gel-like nucleic acid that is formed is greatly 
reduced. The importance of packing may arise from 
the fact that oxygen combines with the radiation- 
produced reactive centre and thereby prevents it from 
giving a cross-link. Competition by oxygen may 
explain why in preliminary experiments we have 
failed to find gel-like deoxyribonucleic acid in the 
nuclei of irradiated chicken erythrocytes in which 
the nucleoprotein is much less closely packed than 
in sperm heads. 


Biological Implications 
The production of a cross-link by radiation pro- 
vides a very effective way whereby one event can 
destroy the biological integrity of a macromolecule. 
Even if the part of the molecule involved in the 
formation of the cross-link is not essential to activity, 
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the joining of two molecules together will change the 
physical characteristics of the molecule profoundly. 
Since a dose of 1,000 rads produces a cross-link in, 
approximately, 5 per cent of the deoxyribonucleic 
acid molecules present in the sperm cell, quantitatively 
this reaction is capable of explaining cellular effects 
of radiation which require doses of this order of 
magnitude. Such a theory would appear all the more 
attractive since one of the predominant chemical 
changes produced by the radiomimetic substances 
such as nitrogen mustards is the cross-linking of 
deoxyribonucleic acid in the cell nucleus’®. The 
similarity of the end effects produced by radiation 
and the chemicals would then follow from the 
similarity of the chemical lesion. Against this 
mechanism is the fact that densely ionizing radiation 
such as polonium «-rays and 2-MeV. neutrons are 
about ten times less efficient in cross-linking the 
deoxyribonucleic acid in sperm heads than are the 
sparsely ionizing radiations of X-, y- and §-rays. 
Yet the densely ionizing radiations are much the more 
effective in causing delay of mitosis and cell death— 
a priori one would expect that the chemical reaction 
which initiates the sequence of events leading to 
cellular effects must also be more readily produced 
by the densely ionizing radiations. The possibility 
remains that there is a qualitative difference between 
sparsely and densely ionizing radiations in their 
effect on deoxyribonucleic acid, and the very low 
cross-linking efficiency of the «-rays could best be 
explained by the simultaneous production of a nearly 
equal number of main-chain breaks. 

For the inactivation of viruses the relative effec- 
tiveness of the different radiations is in the reverse 
order from that found for cellular effects and in 
qualitative agreement with the cross-linking reaction. 
Since the tightness of the packing of deoxyribonucleic 
acid appears to facilitate the formation of cross-links, 
it is possible that this is the reaction responsible 
for the inactivation of bacteriophage by ionizing 
radiation. 


We wish to thank Mr. D. Moore, of the Experi- 
mental Radiopathology Unit of the Medical Research 
Council, Hammersmith Hospital, London, W.12, 
for his unfailing helpfulness in irradiating our samples, 
and Mrs. A. Szwarebort and Mr. P. Kopp for their 
technical assistance. This investigation has been 
supported by grants to the Chester Beatty Research 
Institute (Institute of Cancer Research: Royal 
Cancer Hospital) from the British Empire Cancer 
Campaign, and Jane Coffin Childs Memorial Fund 
for Medical Research, the Anna Fuller Fund, and the 
National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service. 

' Taylor, B., Greenstein, J. P., and Hollaender, A. E., Arch. Biochem. 

Biophys., 16, 19 (1948). Butler, J. A. V., and Conway, B. E., 


J. Chem. Soc. ,3418 (195 50). Daniels, M.,Scholes, G.,and Weiss, J., 
Nature, 171, 1153 (195: 3). 


* Alexander, P., and Stacey, K. A., “Progress in Radiobiology”, 105 
(Proc. Fourth Int. Conf. Radiobiology, 1955). (Oliver and Boyd, 
) 


1956. 
5 Kay, E. R. H.. , Simmons, N.S., and Dounce, A. L., J. Amer. Chem. 
Soc., 74, 1 195: 





s Ale xande. r. PB... aank ra ey, K. A., Radiation Res., 9, 85 (1958). 

’ Kirby, K. S., Biochem. J., 66, 495 (1957). 

®* Charlesby, A., Proc. Roy. Soc., A, 222, 60 (1954). 

7 Alexander, P., Biochim. Biophys. Acta, 10, 595 (1953). 

# Alexander, P., and Charlesby, A., Nature, 178, 578 (1954). 

* Markovich, H., Radiation Res., 9, 149 (1958). 

10 Alexander, P., Cousens, S. F., and Stacey, K. A.,in Ciba Symp. on 
“Dry Resistance in Micro-organisms,” 294 (¢ hurehill, London, 


1957). Alexander, P., and Stacey, K. A., Acta Union contra 
Cancrum (in the press); Biochem. Pharmacology (in the press). 
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IN THE DECIDUOMA OF THE RAT 


By Dr. T. H. JOHNSON*, Dr. C. LUTWAK-MANN and Pror. M. C. SHELESNYAK*+ 


College of Physicians and Surgeons, Columbia University, New York ; Agricultural Research Council 
Unit of Reproductive Physiology and Biochemistry, University of Cambridge ; and Weizmann 
Institute of Science, Rehovot, Israel 


georges extensive investigations have been 
rg made of various enzymes in placental tissue, 
relatively little attention has been paid to the 
enzymes of the experimentally induced decidual 
issue, that is, the deciduoma. 

Deciduomata offer an excellent opportunity for 
research on the maternal components of the placenta, 
especially during the earliest phases of development, 
and also in embryo-free uteri. Nevertheless, the 
only enzyme studied hitherto in detail in deciduo- 
inatous tissue is the histaminase!, which has been 
demonstrated as characteristic of the maternal 
portion in the placenta of man, rabbit and rat. The 
presence of certain other enzymes in the deciduoma 
was indicated but results were only reported in 
summary?. 

Carbonic anhydrase is another typical placental 
enzyme’, Its presence was first detected in the 
mammalian female reproductive tract in the endo- 
inetrium of the progravid rabbit*. Investigations of 
its distribution showed that although the occurrence 
of carbonic anhydrase in the endometrial mucosa is 
limited to relatively few species, it is invariably 
associated with the placenta of mammals; it has 
been located in the maternal portion of the placenta 
of large domestic animals, carnivores, laboratory 
rodents and insectivores’. : 

Since experimentally induced deciduomata are 
structurally and functionally analogous to the 
decidual portion of the placenta proper, it was of 
interest to examine the induced decidual tissue for 
carbonic anhydrase. For several reasons the rat 
uterus is specially suitable for such a study. The 
rat endometrium contains negligible amounts of 
carbonic anhydrase during oestrus, and the content 
of this enzyme does not increase in response to 
progesterone treatment’, This is in contrast to the 
rabbit endometrium where the response to progester- 
one, as expressed by an increased content of carbonic 
anhydrase, is so spectacularly characteristic that it 
forms the basis of an assay for luteoid potency’®. 
Since the rat does not show a comparable progester- 
one-conditioned rise in carbonic anhydrase content, 
any increase in enzyme content found as the result 
of inducing decidualization can be safely ascribed 
to the presence of deciduomatous tissue. Further- 
more, recent studies?" offer various techniques for 
induction as well as suppression of deciduoma in 
the rat. 

This investigation was carried out to determine 
whether carbonic anhydrase is present in the deci- 
duoma of the rat ; if so, how early in the development 
f the deciduoma the enzyme becomes detectable ; 
whether the enzyme activity, if present, is dependent 
the induction ; and 

* Josiah Macy Fellow 1957-58, on leave at the Department of 
Anatomy, University of Birmingham. 


+ Sir Simon Marks Fellow, and University Research Fellow, 1957-58, 
on leave at the Department of Anatomy, University of Birmingham. 


upon method of deciduoma 


finally, whether the suppression of the development 
by histamine antagonism, or by disturbance of the 
hormonal equilibrium, is reflected by the level of 
carbonic anhydrase activity. 

The enzyme-assay technique was essentially the 
same as described earlier*. No attempt was made to 
dissect the deciduoma from the uterine wall; the 
results were expressed as enzyme units (E.U.) per 
gram entire uterine horn, fresh-weight. Pseudo- 
pregnancy was induced in 3-4 months old female 
albino rats with regular cestrus cycles (stock colony, 
Anatomy Department, University of Birmingham). 
by faradic stimulation of the cervix on days of 
pro-cestrus and oestrus, of the cycle. On the fourth 
day of leucocytic vaginal smears certain procedures 
were applied in order to induce or to suppress 
deciduoma formation. 

Four series of experimental animals were set up. 
Series I consisted of 20 females injected intraperi- 
toneally with 20 mgm. pyrathiazine (‘Pyrrolazote’, 
Upjohn), to evoke the decidual response by systemic 
means!®. In series II there were 15 females which 
were laparotomized under ether anaesthesia on the 
fourth day of pseudopregnancy ; the antimesometrial 
wall of the uterine lumen was scratched along its 
length with a burred needle to produce in these 
animals the typical deciduoma induced by trauma. 
Series III included 10 females, laparotomized as 
above; the endometrium in both uterine horns was 
traumatized, but the lumen of one horn in each rat 
was instilled with 0-1 ml. of saline solution containing 
1 mgm. of the anti-histaminic, diphenhydramine 
hydrochloride, to suppress the decidual development. 
Series IV consisted of 10 females which were given 
intraperitoneally 20 mgm. pyrathiazine, this being 
followed immediately by a subcutaneous injection of 
l mgm. ‘ergotoxine complex’ (made up of ergocristine, 
ergocornine and ergocryptine methanesulphonate, 
1:1:1, in 50 per cent ethanol), which has been 
previously shown’? to prevent the formation of 
deciduoma by disturbing the hormonal balance. In 
all four series the uterine weights were recorded, and 
the horns used for enzyme assay, at 24, 48, 72 or 
120 hr., respectively, after the termination of the 
procedure provoking deciduoma ; groups of 4 animals 
being used at each stage in series I, 3 in series IT, 
and 2 each in series III and IV. 


It was found that carbonic anhydrase is 
undoubtedly present in the rat deciduoma. The 


values established were low (ranging from 2 to 
12 K.U./gm.) as compared with the progestational 
endometrium of the rabbit (up to 100 E.U./gm.), but 
they were of the same order as those obtained for the 
rat maternal placenta (10 E.U./gm.). 

The findings relating to the different experimental 
techniques used for induction (series 1 and IJ) and 
suppression (series III and IV), respectively, of the 
ean be summarized as follows. 


decidual reaction 
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Carbonic anhydrase activity in the deciduoma 
appeared irrespective of the type of inducing agent. 
The presence of the enzyme was evident already at 
24 hr. after induction, and it was still demonstrable 
in deciduomata 120 hr. old. When the decidual 
response was suppressed, whether by local application 
of an antihistaminie drug, or alternatively by inter- 
ference with the hormonal equilibrium, as in the 
rats treated with ergotoxin, no measurable carbonic 
anhydrase activity was detected in the uteri. 

Early cellular evidence of decidualization appears 
as increased diploid activity; this can be demon- 
strated about 18-20 hr. after stimulation’. Other, 
probably even earlier, signs of response include 
changes in uterine vascularity. The appearance of 
carbonic anhydrase is therefore consistent with the 
morphological signs of onset of the decidual develop- 
ment. It is at present difficult to account for the 
fact that whereas there is a remarkable shift in 
decidual weight, from less than 5 per cent of the uterine 
mass to 6-7 times the initial weight of the whole 
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uterus, yet the concentration of carbonic anhydrase, 
in terms of E.U./gm. uterine horn, remains fairly 
constant throughout the 120 hr. of the experimental 
period. However, it is probable that further analysis 
of a larger number of specimens and over a more 
extended period, preferably coupled with a histo- 
chemical identification of the cellular elements 
responsible for carbonic anhydrase activity, would 
help to resolve this problem. 


* Ahimark, A., Acta Physiol. Scand., 9, Supp. 28 (1944). Swanberg, 


H.. thbid., 23, Supp. 79 (1950). Roberts, M., and Robson, J. M., 


J. Physiol., 119, 286 (1953). 
* Meyer, R. K., “Ciba Colloquia Endoerinol.”, 1, 266 (1952). 
* Lutwak-Mann, C., J. Endocrinol., 18, 26 (1955). 
‘ Lutwak-Mann, (., and Laser, H., Nature, 198, 268 (1954). 
> Lutwak-Mann, (., Boll. Soc. [tal. Biol. Speriment., 32, 611 (1956) 


® Lutwak-Mann, C.,and Adams, C. E., J. Endocrinol.. 15, 43 (1957): 


Acta Endoerinol., 25, 405 (1957). 
7 Shelesnyak, M. C., Amer. J. Physiol., 1979, 301 (1954). 
® Sachs, L., and Shelesnyak, M. C., J. Endocrinol., 12, 146 (1955). 
9 Shelesnyak, M. C., “Ree. Prog. Hormone Res.’’, 18, 269 (1957). 
10 Kraicer, P. F., and Shelesnyak, M. C.,.J. Endocrinol.,17, 324 (1958). 
1 Shelesnyak, M. C.. Mem. Soc. Endocrinol., 6, 34 (1959). 


TRANSMISSION OF A VIRUS TO STRAWBERRY PLANTS 
BY A NEMATODE (XIPHINEMA sp.) 


By ASHARFI JHA and Dr. A. F. POSNETTE 


East Malling Research Station, Kent 


ISTER in 1958! described symptoms shown by 

4 diseased strawberry plants (var. Cambridge 
Favourite) which he found to be infected with the 
raspberry yellow dwarf virus* of Harrison’. These 
symptoms closely resembled those of a virus disease 
reported earlier that year at East Malling® affecting 
a range of cultivated strawberry varieties (including 
Cambridge Favourite) known to be tolerant to the 
usual (aphid-borne) crinkle virus complex, and 
tentatively referred to as yellow crinkle. 

In subsequent work at East Malling under a 
Colombo Plan Fellowship (A. J.) the causal virus of 
vellow crinkle and of mosaic* was transmitted by 
mechanical inoculation from plants of a number of 
stolons from the ‘healthy’ plants in the inoculated 
strawberry varieties, including Cambridge Favourite, 
to a wide range of herbaceous plants, including 
Petunia hybrida Vilm. and Chenopodium amaranticolor 
Coste and Reyn. One of these isolates, in Petunia 
hybrida, derived from a Cambridge Favourite 
strawberry plant showing typical symptoms, was 
successfully transmitted back to healthy plants of 
the same variety by mechanical inoculation. Finally, 
cross-protection and serological tests of these isolates 
with authentic raspberry yellow dwarf virus and 
antiserum (supplied by the Scottish Horticultural 
Research Institute) indicated a close relationship 
with the latter virus. 

Soil transmissibility was confirmed experimentally 
when healthy plants of Cambridge Favourite straw- 
berry and Petunia hybrida were potted in soil col- 
lected from contiguous strawberry plantations (a) 
known to be infected with yellow crinkle and (b) free 
from any symptoms of such infection. Plants grown 


* Now known to be the same as Arabis mosaic virus Markham and 
Smith. 


in the former afterwards 
whereas those in the latter remained apparently 
healthy. 

In view of the conclusion of Hewitt e¢ al.’ that a 
nematode, Niphinema index, was a vector of the 
soil-borne fan-leaf disease of grape vines in Cali- 
fornia, samples of soil from the diseased and from 
the healthy strawberry plantation sources indicated 


developed symptoms, 


as (a) and (b) above were compared for their nematode 
content with a Seinhorst elutriator. In addition to 
certain species commonly found in Great Britain 
and present in both soils, a species of Xiphinema 
(originally determined as X. index® but now known 
to be an undescribed species) was identified but only 
from the soil of the plantation infected with raspberry 
yellow dwarf virus. The results of two experiments 
on the role of this nematode in the transmission of 
this virus to strawberry follow. 

In these experiments healthy Cambridge Favourite 
strawberry plants were grown in nematode-free soil 
in pots situated in an insect-proof glasshouse, the 
contro) and inoculated series being isolated from each 
other in adjacent compartments. In the first experi- 
ment a healthy and an infected plant were established 
(with intermingled roots) in each pot, whereas in the 
second no infected plants were used. 

As it was thought that soil texture might have 
some effect on the survival of the nematodes to be 
added, the soil used throughout both these experi- 
ments was collected from the plantation of appar- 
ently healthy strawberry plants, that is, (b) above. 
Healthy Cambridge Favourite strawberry plants 
grown in this soil prior to heating it remained healthy. 
Samples of this soil were then maintained at approx- 
imately 60° C. for 3, 1 and 1} hr., respectively, to 


kill all nematodes present, and subsequent exam- 
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nations for nematodes after three days, and again 
ifter three weeks, of storage at laboratory tem- 
perature showed that none had survived these treat- 
nents. Soil fer the experiments was therefore 
iniformly preheated for 1 hr, at 60° C. approx. 

For the first experiment the nematodes were ex- 
racted, on two occasions, from the soil of the infected 
-trawberry plantation, (a) above, and fifty Xiphinema 
hand-picked from each extraction were added in 
water suspension to the soil in each pot in the 
inoculated’ series, making 100 nematodes per pot 
in all. For the second experiment 100 nematodes 
from the same source were similarly added to each 
pot, but on one occasion only. No nematodes were 
added to the ‘control’ pots in either experiment. A 
~tolon from each of the strawberry plants (infected 
and healthy) was rooted during the course of the 
‘xperiments into steam-sterilized standard green- 
house compost in adjacent pots, and acted as a 
supplementary indicator of infection. 

Both experiments were set up in the winter of 
1958-59, starting in October, and from about eight 
ionths afterwards, that is, in the summer of 1959, 
vellow crinkle symptoms developed on certain of the 
stolons from the ‘healthy’ plants in the inoculated 
series and later on the parent plants themselves. 
Confirmatory tests were made from each plant in 
both experiments by mechanical inoculation to 
indicator plants of Chenopodium amaranticolor and 
Petunia hybrida, irrespective of whether that straw- 
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Table 1 


Exp. 1 Exp. 2 
With Without 
infector plants infector plants 
Treatments —- ——— - ———- -——- ——__—_ 
No, of No. of 
No.of j|testplants| No.of | test plants 


test plants 


infected |testplants infected 


Soil inoculated 
with Yiphinema 
sp. 13 5 10 4 

Control 9 Nil 5 Nil 


berry plant had itself developed symptoms. These 
tests of the control plants in both experiments have 
al) yielded negative results. 

From the results of these two experiments, sum- 
marized in Table 1, it is concluded that the presence 
of the added nematodes in the soil was an essential 
factor in the subsequent transmissions of the rasp- 
berry yellow dwarf virus to the healthy strawberry 
plants. The full details of this and associated research 
bearing on this subject are in course of preparation. 

We are indebted to Dr. R. 8. Pitcher of this Station 
for the identification of the nematodes. 

! Lister, R. M., Plant Path., 7, 92 (1958). 

* Harrison, B. D., Ann. App. Biol., 46, 221 (1958). 

* Rep. E. Malling Res. Sta. for 1957, 25 (1958). 

‘ Posnette, A. F., Rep. E. Malling Res. Sta. for 1955, 120 (1956). 


* Hewitt, W. B., Raski, D. J., and Goheen, A. C., Phytopath., 48, 586 
(1958). 


6 Rep. E. Malling Res. Sta. for 1958, 33 (1959). 


MACROMOLECULAR COMPONENTS OF CHLORELLA PYRENOIDOSA 


By PHILIP NEWMARK, JACK D. STEPHENS, JAMES B, CURRY and GAIL L. BOWER 


Department of Biochemistry, University of Kansas, Lawrence, Kansas 


So a organelles from disrupted cells of 
mammalian tissues, bacteria, yeast, blue-green 
algae and the seedlings of pea plants have been 
characterized in the ultracentrifuge'*. There appears 
10 be no report on the characterization of organelles 
isolated from green algae. In connexion with an 
exploratory study by chemical means of the various 
nucleic acid and protein containing fractions of 
Chlorella pyrenoidosa’, we examined the ultracentri- 
fuge patterns obtained from actively photosynthe- 
sizing algal cells as well as from the cells of a 
chlorophyll-less mutant (No. G 11; this mutant 
strain was kindly sent to us by Dr. Mary Belle 
Allen, Kaiser Foundation Research Institute, 
Richmond, California), both of which we cultured 
on complete and on nitrogen-free media, Use of 
the chlorophyli-less mutant permitted us to assess 
the effect of loss of photosynthetic ability on the 
macromolecular organization of the cell. We were 
interested in nitrogen deficiency because of the shift 
in synthetic effort in nitrogen-deficient Chlorella from 
protein to fat synthesis*, because it had been shown 
that nitrogen starvation in Torula and Pseudomonas 
produced a much greater decrease in the cellular 
content of nucleic acid than of protein®, and because 
the 40 § organelles of 2. coli were found to break 
down within 2 hr. after the bacterium was transferred 


to a nitrogen-free medium’. 





Chlorella pyrenoidosa was cultured on a modified 
Bristol's solution’ of inorganic salts in air enriched 
with carbon dioxide. The medium for the chloro- 
phyll-less mutant was supplemented with 1 per cent 
glucose. Nitrogen deficiency was produced by 
transferring logarithmically growing cells to the same 
medium minus the nitrogen (as potassium nitrate) for 
a 3—6-day period. The algae were harvested from the 
cultures by centrifugation at 3,000g and were washed 
once with a buffer (0-005 M magnesium sulphate, 
0-005 M_ potassium dihydrogen phosphate/dipotas- 
sium hydrogen phosphate, pH 7-0). The paste of cells 
was ground for 30 min. with 4-6 times its weight of 
‘Carborundum’ in a cold mortar and pestle. With 
600-mesh ‘Carborundum’ 40-60 per cent of the cells 
were broken, Additional operations were also carried 
out in the cold. The ‘Carborundum’ was separated at 
130g and washed four times with buffer. Intact 
cells, chloroplasts and large particulates were sedi- 
mented from the combined washes at 30,000g for 
15 min. The 30,000g supernatant solutions were 
spun for 1-4 hr. at 130,400g, and the resulting pellets 
were resuspended overnight in buffer and examined in 
a ‘Spinco’ Model £ analytical ultracentrifuge at 4-6° C. 

A typical ultracentrifuge pattern from actively 
growing and photosynthesizing cells is shown in 
Fig. la. As with the pea seedling epicctyls’, the 
major component has a sedimentation coefficient of 
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a 7) 
Fig. 1. Ultracentrifuge patterns of macromolecular constituents 
of photosynthesizing Chlorella pyrenoidosa. Numbers on peaks 
are sedimentation coefficients corrected to waterat 20°C. a, 2-hr. 
130,400g pellet from 4-4 gm. of normally growing cells, after 
8 min. at 59,780 r.p.m., bar angle of 40°; 0b, 2-hr. 130,400g 
pellet from 5-6 gm. of 3-day nitrogen-starved cells, after 20 min. 

at 42,040 r.p.m., bar angle of 40 


75 S. The next slower peak, of sedimentation coeffi- 
cient 46-50 S, probably corresponds to the 58 S 
dissociation product of the 75 S pea seedling particle. 
Only in preparations from stationary phase algal 
cultures, or when ‘Carborundum’ of grit smaller than 
320 mesh was used as the grinding agent, did we 
observe another peak, 32-36 S, which may correspond 
to the second (38 S) dissociation product which 
Ts'o et al.18.9 found in the pea seedlings. The 
18-20 S component appears to be the Fraction I 
protein which has been found in the extracts of all 
green plants’®-". The 3-3 S component corresponds 
to a protein fraction that has been observed in various 
microbes?. Small amounts of a 105-110 S peak, 
though not evident in Fig. la, were observed in our 
preparations from time to time. This appears to be 
analogous to the 105 S peak in the pea epicotyl 
preparations}.§, 

Although the 75 S and 46-50 S components were 
degraded when incubated overnight in the cold with 
pancreatic ribonuclease in the magnesium sulphate/ 
phosphate buffer, they were unaffected by pancreatic 
deoxyribonuclease. Overnight treatment with trypsin 
in the cold also largely degraded the 75 S organelles. 
In 0-01 M tris/0-005 M magnesium sulphate buffer, 
at pH 8-0, the 75 S component was stable for at least 
3 days in the cold, but was completely degraded at 
the end of 5 days. In 0-01 M sodium ethylene- 

















~ 


Fig. 2. Ultracentrifuge patterns of macromolecular constituents of 

chlorophyll-less Chlorella pyrenoidosa, strain G 11. Numbers on 

peaks are sedimentation coefficients corrected to water at 20° C. 

a, 2-hr. 130,400g pellet from 5-5 gm. of normally growing cells, 

after 22 min. at 42,040 r.p.m., bar angle of 50°; 0b, 2-hr. 

130,400g pellet from 6-6 gm. of 3-day nitrogen-starved cells, after 
18 min. at 42,040 r.p.m., bar angle of 50°. 
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diamine tetraacetate, at pH 7-0, it was completely 
degraded after 7 hr. at room temperature. These 
properties are similar to those of the pea seedling* 
and yeast? 75 S organelles. 

The high concentration of the slowly sedimenting 
component (5-6-9-2 S) in preparations from the 
chlorophyll-less mutant cells (Fig. 2) is the most 
striking difference from the normal photosynthesizing 
cell preparations. In this respect the ultracentrifuge 
patterns of the mutant cell preparations resemble 
those obtained from yeast! and E. coli?, which also 
require an organic source of carbon, like glucose, in 
their growth media. 

Although Dagley and Sykes* found that the 40 8 
organelles of E. coli disappeared almost completel 
after the bacteria were incubated for 2 hr. on a 
nitrogen-free medium, Wolfe'* and Ashikawa! detected 
appreciable quantities of 80 S organelles in prepara- 
tions from yeast even after two days of nitrogen 
starvation. We could detect no significant decrease 
in the relative amount of the 75 S organelle from 
Chlorella after 24 hr. of nitrogen starvation, but after 
three days the size of the peak was drastically reduced 
(Figs. 16 and 2b). Marked reductions were also 
observed in the sizes of the other protein-containing 
peaks. On a dry-weight or per cell basis, three-day 
nitrogen-deficient cells contain only one-half as much 
nucleic acid and three-fourths as much protein as do 
normally growing cells ; and the base composition of 
the residual nucleic acid differs considerably from 
that of the normal cells’. Since the greatest loss of 
nucleic acid is ftom the centrifugal fraction (1 hr. at 
130,400g) that is primarily composed of the 75 S 
component in normally growing cells, it appears that 
loss of this component from the ultracentrifuge 
patterns in nitrogen-starved cells represents an actual 
loss of the functional 75 S organelles to the cells. 

The sharp, slowly sedimenting (5-6—8-2 S) spike in 
the ultracentrifuge patterns of the nitrogen-deficient 
cells (Figs. 1b and 2b) most probably is deoxyribo- 
nucleic acid. It alone disappeared from the patterns 
after the preparations were incubated overnight in 
the cold with deoxyribonuclease, and it was resistant 
to trypsin. Sedimentation coefficients of the peaks 
remaining in the preparation after deoxyribonuclease 
digestion increased significantly because of the lowered 
viscosity of the solution. 

After nitrogen-starved photosynthesizing cells are 
returned to the complete medium for 18 hr., the 
protein content is restored, but the ribonucleic acid 
content on a dry-weight basis is greater than that of 
normal cells. The base composition of the total 
nucleic acids is once more the same as that of normal 
cells’. Ultracentrifuge patterns from the 18-hr. 
nitrogen-restored photosynthesizing cells closely 
resemble the patterns from normal cells (Fig. 1a) : 
but the ultracentrifuge patterns from the nitrogen- 
restored chlorophyll-less mutant cells again resembl« 
those from proliferating yeast cells (Ashikawa, ir 
ref. 1) more closely than they resemble the patterns 
from photosynthesizing Chlorella cells. These differ 
ences between the two strains of cells probably reflect 
the metabolic changes produced by the loss of 
photosynthetic ability in the mutant cells, resulting 
in heterotrophic rather than autotrophic nutrition. 

We may conclude that the number and kinds of 
macromolecular organelles in the Chlorella cell closely 
reflect the nutritive conditions under which the alga 
is grown; further, that the changes in the macro- 
molecular architecture of the alga may be correlated 
with marked changes in its chemical composition. 
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APPARENT OBSERVATION OF SOLAR CORPUSCULAR CLOUDS 
BY DIRECT CONTINUOUS-WAVE REFLEXION 


By Dr. JOHN D. KRAUS and W. REED CRONE 


Radio Observatory, Ohio State University, Columbus 


I EGINNING at about 1.31 a.m. E.s.T. on the 
morning of April 15, 1959, several unique 
Doppler signals were recorded at the Ohio State 
University Radio Observatory which may possibly 
be due to the reflexion of continuous-wave signals 
from fast-moving solar corpuscular clouds passing 
in the vicinity of the Earth. The receiver in use at 
the time was a swept-frequency type with its centre 
frequency on 15 Mc./s. for the reception of WWV 
(Washington, D.C.). The receiver had a 1-kc./s. band- 
width and was swept about twice a second over a 
frequency-range of about 9 ke./s. (4-5 ke. above and 
below 15 Mc.). The receiving antenna was a hori- 
zontally polarized corner reflector of 1,360 sq. ft. 
physical aperture rotating in azimuth about 6 r.p.m. 
The receiver output modulated the z-axis of a cathode 
ray oscilloscope which was photographed on 35 mm. 
film moving about 2 cm. per min., giving a display 
of frequency versus time with fiducial marks along 
the time axis to indicate when the antenna was 
pointed in a reference direction (approximately 
south). Except for the swept-frequency receiver and 
rotating directional antenna, the technique was the 
same continuous-wave reflexion method used at the 
Ohio State Radio Observatory since December 1957 
for the detection of ionization induced by artificial 
Earth satellites'-*. The swept-frequency receiver had 
been added for the observations of any Doppler 
shifts of the reflected signals and the rotating antenna 
for the observation of the direction of signal arrival. 

Fig. 1 is a photograph of the swept-frequency 
record obtained with the above equipment between 

ab out 1.30 and 1.36 a.m. E.s.t. on April 15, 1959. 


Frequeney 


Fig. 1. 





Frequency extends transversely with 15 Mc./s. at the 
centre and 15 Mc. minus 5 kc./s. at the top and 15 Me. 
plus 4 ke./s. at the bottom. The row of dots at the 
top of the film are the direction fiducial marks. The 
central heavy trace is the 15 Me./s. signal from WWV 
(andjor WWVA). 

Of particular interest on this record are the two 
strong signals which sweep rapidly from high to 
low frequency through the band of reception at 
1.31 and 1.34 a.m. The fact that they change from 
high to low frequency suggests that they might be 
Doppler shifted signals reflected from rapidly moving 
ionized clouds. * Beginning about 1.45 a.m. many 
other apparent Doppler signals were recorded on the 
film until about 3.25 a.m., after which all such in- 
dications disappeared. All the signals after 1.45 a.m. 
differ from the two of Fig. 1 in that they persist 
much longer, have a periodic fluctuation of several 
kilocycles, and have a smaller maximum frequency 
deviation. Fig. 2 is a typical example of one of these 
signals recorded about 2.35 a.m. 

The signal at 1.31 a.m. has a rate of frequency- 
change of more than 400 c./s. per sec., and if it is a 
true Doppler reflexion of WW V must have a maximum 
frequency deviation of at least 20 ke. or several times 
as great as the receiver sweep-range. The signal at 
1.34 a.m. has a lower rate of change of frequency 
and also appears tc be quite asymmetrical, having 
the appearance of a segment of a Doppler curve at 
a considerable frequency deviation from the original 
frequency. Thus, this signal might have been caused 
by a Doppler shift of another station transmitting 
on a frequency greater than 15 Mc./s. 


1.30 a.m. 


15 Me./s. 


Swept-frequency record of Doppler signals recorded between 1.30 and 1.36 a.m. (E.8.T.) on April 15, 1959. Frequency 


extends transversely with 15 Mc./s. at the centre and 15 Mc. minus 5 ke./s. at the top and 15 Mc. plus 4 kc./s. at the bottom. Time 
increases to the left. 


The dots along the top of the film are the direction fiducial marks 








966 NATURE 


2.36 2.35 2.34 a.m. 





Fig. 2. Swept-frequency record of Doppler signals recorded 
about 2.35 a.m. on April 15, 1959. These signals show less fre- than the change in the other com- 


quency deviation but have more frequency spread and a periodic 


fluctuation suggesting turbulence 


The limited frequency-range of the sweep system 
(9 ke./s.) prevents an accurate determination of the 
maximum frequency deviation. However, various 
considerations would place the maximum deviation 
between 20 and 80 ke./s. These values imply a velocity 
of the reflecting cloud of between 200 and 800 km. 
per sec. 

It may be significant that about two days earlier 
a large solar flare occurred near the central meridian 
of the Sun. This flare reached its maximum about 
0900 u.r. on April 13, 1959, and was rated of import- 
ance 3 (highest rating) by the High Altitude Observa- 
tory of the University of Colorado’. Material ejected 
by this flare travelling at an average velocity of 
900 km. per sec. would have reached the vicinity of 
the Earth at about 1.30 a.m. (E.s.T.) (0630 U.T.) on 
April 15, when the first Doppler signal was observed. 
An average velocity of 900 km. per sec. is not un- 
common for flare-ejected material, terrestrial mag- 
netic and other effects being observed typically about 
two days after large solar flares. Hence, the radio 
reflexions on April 15 could have occurred from 
ionized clouds forming part of corpuscular streams 
ejected from the Sun by the flare of April 13, 
the velocity at the time of the radio observations 
having decreased considerably below the average 
value. 

All the signals recorded between 1.45 a.m. and 
3.25 a.m., such as shown in Fig. 2, appear to have a 
Doppler spread of several kilocycles, with the later 
signals appearing to have a greater frequency dis- 
persion than the earlier ones. The signal in Fig. 2 
has a frequency spread or dispersion of at least 4 ke./s. 
They also appear to possess a periodic fluctuation 
around a more slowly varying average frequency. 
This fluctuation amounts to a couple of kilocycles 
and is suggestive of turbulence in the clouds. The 
maximum deviation of the average frequency for 
these signals is about 4 kce./s., which corresponds to a 
velocity of 40 km. per sec. Hence, these signals 
could be interpreted as due to reflexions from slower- 
moving turbulent clouds following in the wake of 
the high-velocity cloud recorded in Fig. 1, and 
apparently trapped in the Earth’s magnetic field. 

A number of terrestrial phenomena occurred early 
on April 15 which also suggest the possible arrival 
of solar particles in the Earth’s vicinity at that time. 
For example, the recordings of the Earth’s magnetic 
field at the Magnetic Observatory at Agincourt, 
Ontario, Canada‘, show fluctuations between 1.00 
and 2.00 a.m. E.S.T. with little or no variations for 
the 3 hr. preceding 1.00 a.m. and the 5 hr. following 
2.00 a.m. The maximum increase in declination 


(east) amounts to about 22y with its highest values 
centred about 1.20 a.m., or 11 min. before the 
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first radio Doppler signal, compared to 
less than 6y maximum variation in the 
adjacent 8 hr. Of particular interest is 
the fact that the maximum declination 
variation is more than twice that of the 
other field components. It may be 
significant in this connexion that an 
ion cloud travelling radially away from 
the Sun and passing near the northern 
hemisphere of the Earth would pro- 
duce a change in the approximately 
east-west component of the Earth’s 
field (declination) which would be larger 


15 Me./s. 


ponents (north and vertical) as observed 
at Agincourt. The fact that the de- 
clination increase was eastward implies a cloud with 
a net positive charge. 

The direction indications provided by the rotating 
receiving antenna indicate that the first Doppler 
signals (at 1.31 and 1.34 a.m.) were received from a 
generally north-western direction. This direction is 
consistent with that to be expected for clouds from 
the Sun passing by the Earth above the northern 
hemisphere, since as observed from Columbus clouds 
approaching from the Sun would be observed (in 
azimuth) to come from the north. The later Doppler 
signals (after 1.45 a.m.) show a direction of arrival 
which is also generally to the north with some appear- 
ing to begin toward the north-west and changing to 
a north-east or easterly bearing. 

It is of interest to calculate the distance of the 
ionized clouds at their point of near approach and 
also their radar cross-section. Based on a frequency 
deviation of at least 20 ke./s. (but not more than 
80 ke./s.) and a maximum rate of change of frequency 
of 410 c./s. per sec., a distance of at least 10,000 km. 
(but not more than 160,000 km.) is obtained for the 
initial cloud (Fig. 1). The calculated radar cross- 
section of this cloud is at least 100 sq. km. (but not 
more than about 5 104 times this value). For the 
later clouds, the maximum (average) frequency 
deviation is typically about 4 ke./s. and the maxi- 
mum rate of change of frequency about 75 c./s. per 
sec. Hence, these clouds were about 2,000 km. 
distant at near approach and had radar cross-sections 
of about 0-2 sq. km. each. In order to reflect the 
15 Mce./s. signals electron densities in the clouds of 
the order of 10'* per cu.m. are required. From 
various considerations it appears that the clouds 
contained positive ions, electrons and perhaps neutral 
matter. 

The above observations are suggestive of Doppler 
reflexions from solar corpuscular clouds. So far as we 
are aware, moving solar corpuscular clouds have not 
previously been detected by direct radio (or radar) 
techniques ; so if the interpretation of the results is 
correct this marks the first observation of its kind. 

The work reported here was supported in part 
by the Army Rocket and Guided Missile Agency, 
U.S. Army Ordnance Missile Command, under 
Contract DA-33-019-ORD-2867 with the Ohio State 
University Research Foundation. 
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PHOTON STREAMS 


By Dr. PETER FELLGETT 
The Observatories, University of Cambridge, England 
Dr. R. CLARK JONES 


Polaroid Corporation, Cambridge, Mass., U.S.A. 
AND 


Dr. R. Q. TWISS 
School of Physics, University of Sydney, Australia 


RIEF mention was made in a previous communi- 

cation! of the way in which photon fluctuations 
have been studied in connexion with the performance 
of detectors of radiation, particularly for the infra- 
red region. The ability to detect small radiation 
signals despite the inevitable presence of noise in the 
device is called detectivity. Milatz and van de 
Velden? were the first to recognize that a limit to the 
detectivity of a thermal detector is set by the spon- 
taneous fluctuations in temperature as given by the 
Einstein—Fowler formula’ : 


nmin cE 


AF = ers 
oT 


where £ is the energy in the receiver, T the absolute 
temperature and k the Boltzmann constant. 


The mean square fluctuation A 7? in the density 
of photons in a temperature enclosure is (see ref. 3) : 


(2) 


(1) 


3 n* 
An? =n = 

N 

where n is the mean density of photons, and N the 
density of Bose cells. The first term in equation 2 
is equal to the fluctuation An? n in a random set 
of classical particles having mean density n. The 
second term is similarly identifiable with the fluctua- 


tion An? = n?/N in the squared amplitude in a random 
set of classical waves. The total fluctuation can 
therefore be regarded as comprising a ‘classical 


particle’ part, n, and a ‘classical wave’ part, nen, 
Lewis‘ used equation 2 to calculate the fluctuation 
in the energy exchanged by a black receiver with an 
isothermal cavity, and found the same limit to the 
detectivity as had been derived by Milatz and van 
de Velden. Clark Jones® showed that this agreement 
provides a means of using equation 1 to calculate 
the limiting detectivity of any radiation receiver in 
equilibrium with an isothermal enclosure, whatever 
may be its spectral responsivity and whether or not 
its mechanism is thermal. The result may be sum- 
marized by saying that in each small frequency- 
range the mean square fluctuation in the number m 


of photons affecting a detector having quantum 
efficiency ¢ is: 
Am? = m(1 + ae (3) 
where 
m = tecnA (4) 
n = Ni[(exp hv/kT — 1) (5) 
N = 8rv?dv/c® (6) 


A ig the effective surface area of the receiver, c the 
velocity of light, v the wave frequency, and h the 
Planck constant. 





These developments have led to an understanding 
that the detectivity of radiation receivers is subject 
to limitations which do not essentially depend on the 
particular mechanism (whether photo-emissive, photo- 
conductive, thermal or phase-coherent), but are 
determined by the extent to which its wave-length 
responsivity causes the detector to be susceptible 
to the fluctuations in the ambient thermal radiation. 
These photon-fluctuations became of practical interest 
when it was found®.”? that some of the best actual 
detectors of infra-red radiation had detectivities 
close to the limit set by equation 3. In the Rayleigh— 
Jeans approximation v — 0, equation 3 also represents 
the ordinary Johnson noise in the radiation resistance 
of an antenna‘. 

Photon fluctuations have acquired renewed interest 
with the demonstration’ that partial coherence of 
visible light can be measured by means of the correla- 
tion between fluctuations in the photocurrents in 
two photocells. The experiments have occasioned 
some surprise, and it has even been suggested that 
non-zero correlation would be contrary to funda- 
mental quantum notions. On general correspondence 
principle grounds, however, the properties of radiation 
which admittedly make fluctuation interferometry 
possible in the radio region®° cannot just disappear 
at optical wave-lengths ; there must be some gradual 
transition through the infra-red. Correlation between 
the ‘signals from two coherently illuminated cells 
arises from the ‘wave’ fluctuations, and provides 
the only means so far known of investigating this 
component experimentally for visible light. The 
‘particle’ fluctuations at the two cells are mutually 
uncorrelated, and act as noise tending to mask the 
effect which it is desired to measure. The familiar 
transition (equation 3) in the infra-red from the 
predominance of ‘wave’ noise to that of ‘particle’ 
noise as the wave-length shortens makes it clear? 
that the ‘wave’ component is indeed always present, 
but that it becomes increasingly smothered by the 
‘particle’ noise as the optical region is approached, 
so that a refined method is needed to measure it. 

A difficulty remained, however!!. Hanbury 
Brown and Twiss developed a theory of the fluctua- 
tion in the output of a photocell which was based 
on the analysis of the detailed interaction between the 
photoelectrons and the radiation field. It gives 
results consistent with the picture that photons 
‘arrive’ at random, subject to the probability of 
‘arrival’ being proportional to the instantaneous 
value of the square of the classical electric vector 
of the incident radiation. <A statistical approach of 
this kind had been abandoned in earlier work on 
fluctuations affecting radiation detectors because 
of the apparent difficulty of making the arguments 
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rigorous’?, The predictions of this theory are in 
agreement with the correlation found experimentally 
by Hanbury Brown and Twiss in the fluctuation 
interferometer. Applied to the fluctuation in the 
radiation exchanged by a receiver with an isothermal 
enclosure, however, the theory apparently gives : 


Am? = m ¢ = ~ (3a) 


where ¢ is the emissivity of the receiver. The ‘wave’ 
noise in this equation is smaller by a factor ¢ than 
that given by equation 3. If equation 3a were correct 
under these conditions, the fluctuation temperature 
of a grey body in thermal equilibrium with a cavity 
would not be the same as the temperature of the 
cavity. A heat engine could then be arranged to 
work between the body and the cavity so as to give 
mechanical work in a perpetuum mobile of the second 
kind?. This may be regarded as unacceptable, 
either because it contradicts the second law of 
thermodynamics, or because it conflicts with micro- 
scopic reversibility. 

It is central to the problem that any conflict 
between equations 3 and 3a can refer only to the 
behaviour in an isothermal enclosure, since although 
the derivation of equation 3a was believed to be quite 
general, the arguments leading to equation 3 explicitly 
assumed thermodynamic equilibrium. It has been 
pointed out??.1* that for this reason no unambiguous 
induction had been made from equation 3 to condi- 
tions outside a cavity. This, incidentally, logically 
disposes of the assertion sometimes made that 
fluctuation interferometry outside a cavity is able to 
decide directly the correctness of equation 3. 

In considering how the difficulty can be resolved, 
it now seems clear that a number of the objections 
to the thermodynamic approach originally put for- 
ward by Hanbury Brown and Twiss!! are invalid. 
Thus it is not correct that detailed balancing in aged 
systems applies only to the energy flow itself and 
not to the fluctuations, as this would imply that 
microscopic reversibility did not hold, a consequence 
for which there is no justification. Furthermore, the 
non-linear relation between the loss of heat from a 
thermal detector and its temperature does not 
significantly affect the derivation used by Jones and 
Fellgett. The significant non-linearity is the square- 
law relation between the mean photon-rate and the 
amplitude of the classical electromagnetic wave, 
which implies that the fluctuation in the sum of two 
radiation streams is not generally equal to the sum 
of the fluctuations in the two separate streams. 
This non-additive property corresponds to _ the 
‘bunching’ of photons in Bose-Einstein statistics, 
and is represented classically by ‘beats’ between the 
component wave-amplitudes. The general statistical- 
thermodynamic considerations on which the deviation 
of Jones and Fellgett is based include such effects 
automatically ; they do not have to be taken into 
account explicitly, as they would, of course, in a 
derivation based on consideration of the detailed 
mechanism of exchange of radiation. 

On the other hand, Jones‘ and Fellgett*, in assessing 
the fundamental noise-level in radiation detectors 
exposed to room temperature radiation, had 
attempted to include, as well as detectors in equili- 
brium, detectors in which ‘active’ radiation is sup- 
pressed either by cooling, as in superconducting 
bolometers or lead-compound photoconductive cells, 
or by applying an electric field to a photocell ; ‘active’ 
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radiation here means radiation-emitting transitions 
which cause a change in the output of the device, for 
example, the radiative return of an electron to the 
conduction band in a photoconductive cell. To 
cover such cases, Jones and Fellgett assumed that 
the fluctuation given by equation 3 could be expressed 
as the sum of two independent terms, one associated 
with the radiation absorbed and the other with that 
emitted, so that only the part thus ascribed to the 
incident radiation would contribute to the fluctua- 
tions in the outputs of strongly cooled detectors or of 
photoemissive cells with voltage applied. Since the 
derivation of equation 3 assumes equilibrium, this 
extension of the use of the equation could be justified 
only by additional physical considerations, which 
they attempted to supply. 

It now appears that this procedure is wrong, not 
only quantitatively but also conceptually, because it 
fails to take account of the possible interaction 
between the radiation incident on the detector and 
that radiated by it, and so assumes fulsely that the 
noise in these two streams behaves additively. 
Moreover, the recognition of this interaction enables 
the fluctuation theory developed by Hanbury Brown 
and Twiss to be applied to the exchange of radiation 
in a cavity in a way which agrees with thermo- 
dynamics. 

To illustrate this in a special case, consider the 
exchange of radiation between two cavities at 
temperatures 7’, and 7’, separated by a non-absorbing 
semi-reflecting mirror having energy transmission 
e and reflectivity 1 — «. Let EZ, be the modulus of 
the electric vector corresponding to the radiation 
emitted by the 7',-region and incident at a point of 
the mirror, and E£,.,/(1 — ¢) the electric vector corre- 
sponding to the radiation reflected back towards the 
T, region. Similarly, let EZ, be the modulus of the 
electric vector corresponding to the radiation emitted 
by the 7',-region towards the 7',-region. Since there 
is no coherent phase relation between FE, and E£,, 
the field corresponding to the radiation transmitted 
by the mirror into the 7',-region can be represented 
without loss of generality by the vector F,./«. 
Then the difference between the rate at which energy 
is absorbed and emitted by the 7.,-region according 
to classical wave theory is proportional to : 


Ey? — (Ey.v/(1 — &) + B,./e)? 
= e(£,? — E,*?) — 2E,E,.,/{e(1 — ©)} 


The mean square deviation of this quantity from its 

mean value ¢(£,? — E,?) is: 

e{(E,? ss BE") ay ef: 2%{(E,? — E,2)%ay ig. : cs 
4(1—e¢) EB, 

under the condition EE, =. If £,,E, have 

Gaussian probability distribution, {(Z? — E?)*ay = 

2(E*)? and the expression reduces to : 


2(e*T,? + 2e(1 — e)Z,Z, + e*Z,%) (7) 





where J, = E,?, I, = E,*. The fluctuation in the 
radiation exchanged through a finite area of the 
mirror is equal to the product of this expression with 
a factor which can be evaluated in the usual way by 
considering the variation of the coherence in space 
and time. 

The T7',-region and the mirror can together be 
regarded as constituting a body with emissivity e¢ 
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exchanging radiation with the T',-region. For 
example, it may represent a detector made of a 
material which absorbs all the radiation entering its 
substance but which has a dielectric constant differing 
from that of its surroundings so that partial reflexion 
oceurs at its surface. If 7’, = 7T., the average ener- 
gies I, and I, radiated by the 7',- and T',-regions are 
equal, and the expression 7 reduces to 4e/?. The 
mean square fluctuation is therefore proportional to 
e, and this accords with the form of the wave-noise 
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term Am? = mn/N in equation 3 (since m contains 
e as a factor, see equation 4). By contrast, if T > 
T., I, can be neglected and expression 7 tends to 
2<*J?, This shows that the mean square fluctuation 
now varies as ¢* in accordance with the wave term 
Am? = emn/N in equation 3a. 

For a detector conforming to this model, the 
previous difficulties have now been resolved. Equa- 
tion 3a is seen to be correct under the conditions of 
the experiments made by Hanbury Brown and Twiss, 
namely, when the emitted radiation field is effectively 
zero ; but not for detectors which are hot enough to 
radiate appreciably. Equation 3 is correct when 
applied to the exchange of radiation between a 
cavity and a detector in equilibrium ; but not with 
the extended interpretation ascribed to it by Jones 
and Fellgett. In reaching these conclusions, it has 
been necessary to consider not only interaction 
between the absorbed and the emitted radiation, but 
also interactions involving both the reflected radiation 
and that radiation which is regarded as ‘virtually 
emitted’ if we consider the detector as an assembly 
of classical or quantized oscillators. 

It is not certain that the model is completely 
general. The discussion given above is purely classi- 
cal-wave, and a quantum-mechanical approach is 
needed in which stimulated emission replaces the 
classical wave-interference effects. This method will 
automatically include a ‘particle’ term as well as the 
‘wave’ term, and may show what happens when there 
are competing mechanisms of absorption of radiation, 
one of which is ‘active’ in producing output from the 
cell whereas the others are not. 

Despite these limitations, it seems very plausible 
(to put it no higher) that equation 3 is correct gener- 
ally when the detector is at the temperature of the 
radiation field in which it is placed ; and that equation 
3a becomes true in the limit when the detector is too 
cool to radiate appreciably. The effect of these 
conclusions on the caleulation of the limiting detec- 
tivity of radiation detectors remains to be investigated 
in detail. 

It now appears, therefore, that the discrepancy, 
which was pointed out in earlier publications, between 
the fluctuation formula derived by Jones and Fellgett 
on one hand, and by Hanbury Brown and Twiss on 
the other, was real and that it showed limitations in 
both methods of calculation as they were then 
conceived. The two formule have now been recon- 
ciled, and each found to be correct in the cireum- 
stances for which it was originally derived, by taking 
account of the interaction between the incident, 
emitted and reflected radiation streams, the relevance 
of which had not previously been appreciated. 
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By Dr. C. W. McCOMBIE 


Department of Natural Philosophy, Marischal College, 
Aberdeen 

Two contradictory views on the fluctuations in the 
absorption and emission of photons by matter have 
been discussed in recent papers!-*. Both views agree 
that the mean square fluctuation, AN?, in the 
number N of photons in a small frequency-range 
absorbed or emitted in unit time by a black body 
will exceed the value N, appropriate to Poisson 
fluctuations, by a factor 1 ji: here 7 is the mean 
number of photons in one of the electromagnetic modes 
concerned and is given by {exp(hv/kT) — 1} 
The disagreement arises when the body absorbs 
imperfectly. According to one view'.*.°, the fluctua- 
tions in the number of photons absorbed (or emitted) 
will exceed Poisson fluctuations by the factor 1 + 7, 
no matter how small the fraction of incident photons 
absorbed. This opinion claims support from the 
quasithermodynamic type of argument, given by 
Clark Jones® and by Fellgett*, and generally used to 
establish the ultimate sensitivity limits for radiation 
detectors. The other view*?*® maintains that the 
random selection of photons for absorption tends to 
make the fluctuations approach a Poisson distribu- 
tion: more precisely, the factor 1 + 7 is reduced 
to 1 + ev, where ¢ is the absorptivity. This second 
view is supported by detailed calculations’? con- 
cerned primarily with the photon correlation experi- 
ments of Hanbury Brown and Twiss’. 

In this communication the quasithermodynamie 
approach will be applied to a particular model. 
The results agree with the detailed calculations in 
supporting the second point of view, and for this 
model, at least, the conflict is resolved. The agree- 
ment depends on taking account of the fact that, 
because of stimulated emission, the radiation emitted 
by matter depends in general on the radiation field 
into which it radiates: the mean rate at which an 
atom radiates into an electromagnetic mode _ is 
proportional to 1 + %” (ef. Heitler’). This effect 
must be allowed for whenever, as in the disagreement 
under discussion, 1 mw is distinguished from unity. 
The results also agree with the standard formula 
for the ultimate sensitivity limit of radiation detectors 
derived by Clark Jones and Fellgett, although, as 
mentioned, it has been claimed that this formula 
supports the first view. This claim depends on the 
assumption that the mean rate at which the detector 
absorbs radiation from a black body radiation field 
with which it is in equilibrium can be equated to the 
absorptivity multiplied by the rate of incidence of 
the black body radiation on the detector: it will 
emerge that, because of stimulated emission effects, 
this equality does not hold for the model to be 
considered here. 

In the quasithermodynamiec approach the system 
concerned is characterized by the coefficient «, 
where «AT' is the rate of loss of heat from the system 
when its temperature exceeds that of the surround- 
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ings by AZ. The basic result used is the following 
analogue of Nyquist’s theorem : when the system and 
its surroundings are both at temperature T, the 
mean square fluctuation in the energy absorbed or 
emitted in unit time by the system in thermal 
exchange with its surroundings is «kZ?. This result 
reduces the calculation of the magnitude of the 
fluctuations to the calculation of a. 

The importance of considering stimulated emission 
can be seen very simply by considering the fluctua- 
tions for a set of very weakly absorbing and emitting 
atoms. The photon absorption-rate will equal a 
constant 97, depending on the number, nature and 
temperature of the atoms, multiplied by 7, the mean 
number of photons in an electromagnetic mode in the 
(small) range of frequencies absorbed by the atom. 
To determine «, we suppose the surroundings at 
temperature 7’ and the atoms at temperature T + 
AT. Since the atoms radiate and absorb weakly, 
yi will have the value 77 appropriate to the tempera- 
ture of the surroundings. 
photons will be 67 + ar-wr and, with neglect of stimu- 
lated emission effects, the rate of emission would 
equal that of atoms in equilibrium with radiation at 
T + AT, which must equal the rate of absorption 
from this radiation, that is, 674 ,r.ir+a,ar. But 
because the atoms are actually radiating into radia- 
tion at temperature 7’, not 7’ + AT’, and for a given 
state of the emitter the radiation is proportional to 
1 + 7, the rate of emission must be modified to 
Or. ar.ar+aT(l + fir){(l + firs+ar7). Substitution 
of the resulting value (note that di/d7T' can be written 
i (1+) hv/kT*) of « in the quasi-thermodynamic 
result gives 97.77 for AN?. This represents Poisson 
fluctuations, in agreement with the second view, 
since the absorption is small. Neglect of stimulated 
emission introduces an extra factor 1 + 7, lending 
spurious support to the first view. 

The main model to be considered here consists of a 
large cavity filled with a tenuous gas of atoms which 
absorb only in a small frequency-range around v at 
a rate again specified by 97: the walls are perfectly 
reflecting apart from a small opening, of area A, 
to the outside. Radiation, which enters the cavity 
from the outside and re-emerges after being reflected 
around but not absorbed by an atom, is to be regarded 
as scattered. Thus the model can be adjusted to 
represent arbitrary ©. 

To determine « and ¢ for the model, it is necessary 
to consider non-equilibrium situations in which 
fline., the number of photons per mode in the radiation 
incident on the aperture from the outside, differs 
from the value iv appropriate to the temperature 
of the atoms. The number of photons per mode in 
the cavity will then differ from 77 ; it will besupposed, 
however, that 7 has the same value, denoted by jie, 
for all modes of frequency v in the cavity. The value 
of fic is fixed by the energy balance requirement 
that the net rate of emission of photons through the 
aperture, (ic — “ine.)9, where g is a constant fixed 
by A and yv, must equal the net rate of emission of 
photons by the atoms, so that : 


- Fine. )e = Or.ar(1 + he){(1 + vir) — Br-.tie (1) 





(he 


where stimulated emission effects have been treated 
as before. 

In order to determine « the surroundings are 
supposed at temperature 7', so that jijnc. is m7, and 
the atoms at temperature 7’ + AT’. The net rate of 
energy loss o(iic — a7), evaluated to the first order 
in AT. gives «. The preliminary determination of 
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fic follows from (1) with fine, and J replaced by air 
and 7’ 4. AT’. The quasithermodynamic result then 


gives: 


ane _ whT? — Ore(l + indir 2) 
(hv)? Or + o(1 + AP) 

Because of stimulated emission, ¢7, which can be 
regarded either as the emissivity or the absorptivity, 
must be defined rather precisely, but the appropriate 
operational definitions are clear. As the emissivity, 
ey would be determined by letting the system, with 
the atoms at temperature 7’, radiate in the absence of 
incident radiation, and taking the ratio of the 
emitted radiation o/c to that from a black body of the 
same area and temperature. namely, ov. As the 
absorptivity, «7, would be found by increasing the 
incident radiation slightly above its equilibrium 
value, so that “inc, exceeds 77, and taking the ratio 
of the net rate of absorption of radiation, (Aine. — fic), 
to the extra rate of incidence, (fine. — 77), the values 
of fic in the two cases are easily determined from 
equation 1. The results for ev agree, being given by : 


Or 

Op a el + hr) wi 

N77 is the mean flux of photons which, when system 
and surroundings are at temperature T’, proceed from 
atoms of the gas to the outside without intervening 
absorption, as distinct from (a) photons which enter 
and leave without absorption, or (b) those which are 
emitted by an atom and absorbed by an atom without 
leaving the cavity. Only a fraction 9/(97 + 9) of 
the radiation emitted by an atom will escape, the 
rest being re-absorbed. The atoms will radiate at the 
rate 977. Consequently : 








a eO8r.nr (4) 
Or + Q 

It may be noted that Ni exceeds epn7, the rate of 

emission in the absence of incident radiation. The 

ratio of the two, (1 + 77)/(1 + ef), is just the 

stimulated emission factor corresponding to the 

different values of fie. 

According to equations 2, 3 and 4, AN? can be 
expressed in two algebraically equivalent forms : 

AN? = egn7z(1 + rir) 
= Ny(1 + evr) 

The first form reproduces the result used in the 
theory of the ultimate limit of radiation detectors. 
The second exhibits for this model the complete 
agreement between the results of the quasithermo- 
dynamic discussion and the results of the detailed 
approach of Hanbury Brown and Twiss. 

I am indebted to my colleagues, Drs. E. W. Elcock 
and P. T. Landsberg, for their comments on this 
communication, and to Dr. P. B. Fellgett for corre- 
spondence on preliminary versions of this and 
the preceding communication by Fellgett, Clark 
Jones and Twiss. 


(5) 


1 Fellgett, P. B., Nature, 179, 956 (1957). 

* Twiss, R. W., and Hanbury Brown, R., Nature, 179, 1129 (1957). 

8 wef Brown, R., and Twiss, R. Q., Proc. Roy. Soc., A, 242, 300 

Voi). 

‘ Fellgett, P. B., J. Opt. Soc. Amer., 39, 970 (1949). 

5 McCombie, C. W., “Rep. Progr. Phys.”, 16, 266 (1953). 

* Jones, R. Clark, J. Opt. Soc. Amer., 37, 879 (1947). 

7 Purcell, E. M., Nature, 178, 1449 (1956). Sillitto, R. M., ibid., 179, 
1127 (1957). Mandel, L., Proc. Phys. Soc.,'72, 1037 (1958). Kahn, 
¥. D., Optica Acta, 5, 93 (1958). Hanbury Brown, R., and Twiss, 
R. Q., Proc. Roy. Soc., A, 248, 291 (1958). 

* Heitler, W., “The Quantum Theory of Radiation”, 3rd. edit. (Claren- 
don Press, Oxford, 1954). 
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No. 4691 September 26. 1959 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November 16 


Society OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 9.30 a.m.—Symposium on ‘‘Pyrethrum’’. 


Tuesday, November |7 


UNIVERSITY OF LONDON (at Queen Mary College, 
London, E.1), at 1.30 p.m.—Prof. C. P. Whittingham : 
of Biology”. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C. 2), at 5.30 p.m.- 
Discussion oa “Sequence Networks versus Summation Lig wey 
for the Derivation of Single Quantities for Protective Relaying”’ 
opened by Mr. C. Adamson and Dr. E. A. Talkhan. 


RESEARCH DEFENCE Socrety (in the Physiology Lecture Theatre, 
University College, Gower Street, London, W.C.1), at 5.30 p.m.- 
Prof. Sir Solly Zuckerman, C.B., F.R. he Ine vitability of Science’ 
(Twenty-eighth Stephen Paget’ Memorial Lecture). 

UNIVERSITY OF LONDON (at the London School of Hygiene 
[fropical Medicine, Keppel Street, , Gower Street, London, W.C.!), 
5.80 p.m.—Dr. C. E. Dalgliesh : “Biochemical ‘Aspects of iaovders 
of Aminoacid Metabolism”. (Tenth of fifteen lectures on ‘““The Scien- 
tific Basis of Medicine’ organized by the British Postgraduate Medical 
Federation. Further lectures on November 19, December 1, 3, 8, 10.)* 

INSTITUTE OF Puysics (at 47 Belgrave Square, London, 8.W.1), 
at 6 p.m.—Dr. R. L. F. Boyd: ‘Some Techniques and Results of 
Space Exploration’’ 

ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Dr. J. A. Shercliff: ‘‘Magnetogasdynamics’’. 


Mile End Road, 
“The Challenge 


wae 





ig 


Wednesday, November I8 


INSTITUTE OF METAL FINISHING (in the Recital Room of the Royal 
Festival Hall, London, S.E.1), at 9.30 a.m.—Symposium on “Progress 
n Polishing’’. 

BRITISH INSTITUT.ON OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 3 p.m. and 6 p.m.—Half-day Symposium on 
“Electronic Digitizing Techniques’. 

RoYAL GEOGRAPHICAL SocIETY (at 1 Kensington Gore, London, 
5.W.7), at 5 p.m.—Prof. M. E. L. Mallowan and Mr. David Oates: 
“Fort Shalmaneser, Nimrud” 

ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
5.W.7), at 5 p.m.- —Dr. G. B. Tucker “M 2an Meriodional Circulations 
in the Atmosphere”; Prof. H. Riehl: “Exchange of Heat, Moisture 
and Momentum between Hurricane Ella (1958) and Its Environment”. 

INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SECTION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Dr. J. 8. Forrest, Mr. 
P. J. Lambeth and Mr. D. F. Oakeshott: “Research on the Perform- 
ance of High-Voltage Insulators in Polluted Atmospheres’’. 

INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR PANEL (at 1 
Birdcage Walk, Westminster, London, $.W.1), at 6 p.m.—Discussion 
on “To What Extent Should De sign "Wait on Research for Nuclear 
Power Plant ?’ 





Wednesday, November 18—Wednesday, December 2 


BUILDING EXHIBITION (at Olympia, London).* 


Thursday, November 19 

UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W.C.1), at 1.15 p.m.—Dr. M. Mary Douglas : “The Abom- 
nations of Leviticus XI (an Anthropologist’s Interpretation)’’.* 

ROYAL SocrEtTy (at Burlington House, Piccadilly, London, W.1)., 
at 4.30 p.m.—Special General Meeting to consider the Annual Report 
»f the Council, followed by Scientific Papers. 

INSTITUTION OF NAVAL ARCHITECTS (at 10 Upper Belgrave Street, 
London, S8.W.1), at 4.45 p.m.—Mr. P. R. Crewe and Mr. W. J. Eggin- 
ton: “The Hovercraft—a New Concept in Maritime Transport” 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Mr. F. A. Williams: “Use of High Tension Separation in Dressing 


Decomposed Columbite-Bearing Granite, 


Jig Concentrate from 
Fitzgerald: ‘Metallurgical Accounting and 


Nigeria”; Mr. M. L. 


Control”, 

LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical 
Society, Burlington gee Piccadilly, London, W.1), at 5 p.m.- 
A{nnual General Meeting. Prof. H. Davenport: “Some Recent Pro- 
vress in Analytic Number Theory” (Presidential Address). 

ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, 


W.1), at 6 p.m.—Mr. W. P. Smith: 
Survey with special reference to Newly Developed Territories” 
teenth British Commonwealth Lecture). 

SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
(GROUP (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Dr. 
H. F. W. Taylor: ‘Aspects of the Crystal Structures of Calcium 
Silicates and Aluminates” 


(Fif- 
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Thursday, November 19—Friday, November 20 


PLASTICS INSTITUTE (at the Royal Institute of British Architects, 
66 Portland Place, London, W.1)—Conference on ‘‘The Influence of 


Plastics in Building”, 
Friday, November 20 
OCCUPATIONAL PsYCHOLOUY 


Birkbeck College, Malet 
Webster (U.S.A.): 


BRITISH PSYCHOLOGICAL SOCIETY, 
SECTION (in the Department of Psychology, 
Street, London, W.C.1), at 1 p.m.—Dr. John C. 


“Making Yourself Heard”, 


INSTITUTE OF NAVIGATION (at the Royal ee” Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m.—Mr. C. M. Cade : 
“Radiometry, Radio-Astronomy and Infra-red ear ti 33 

EDUCATION DISCUSSION 
, at 6 p.m.—Discussion on 
w Look’’, opened by Mr. T. 


INSTITUTION OF ELECTRICAL ENGINEE 
CIRCLE (at Savoy Place, London, 7 
“The Ordinary National Certificate—a 2 
Siklos. 

INSTITUTION OF ELECTRICAL ENGINEERS, 
STUDENT SECTION (at Savoy Place, London, 
Mr. G. J. Waddon: ‘Plastic Cables in the 
Industry’’. 

ROYAL INSTITUTION (at 21 
% p.m.—Sir Lawrence Bragg, F.R.S.: 






< 


LONDON GRADUATE AND 
W.C.2), at 6.30 p.m 
Telecommunications 


Albemarle Street, London, W.1), at 
“Atoms and Molecules”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 


before the dates mentioned : 
ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF 
PHILOSOPHY-—The Registrar, University College of Wales, Aberystwyth 


(November 14). 

LECTURER (with a good degree in biochemistry) IN ENDOCRINE 
BIOCHEMISTRY, to undertake research into the endocrine aspects of 
carcinoma in human patients in the University Endocrine Unit at 
the Liverpool Radium Institute—The Registrar, The University, 
Liverpool 3 (November 14). 

LECTURER (preferably with a veterinary qualification) IN PHARM- 
ACOLOGY IN THE SCHOOL OF VETERINARY MEDICINE—The Registrar, 
Trinity College, Dublin (November 16). 

JOSEPH LUCAS STUDENT (with a good honours degree in sume branch 
of engineering, physics or chemistry, and prepared to work for a 
higher degree), for research into the initiation of explosion in gases. 
vapours and powder clouds, or into the mixing of powdered materials 
-—The Registrar, King’s College (University of London), Strand, 
London, W.C.2 (November 20). 

HEAD (with suitable experience and superior attainments in chemical 
research and analysis, and the ability to organize, lead and inspire a 
large scientific staff) OF THE GOVERNMENT CHEMIST’S LABORATORY, 
London—The Civil Service Commission, 17 North Audley Street, 
London, W.1, quoting Ref. No. 8.5041/59 (November 24). 

GRANADA RESEARCH CHAIR IN COMMUNICATION—The Registrar, 
University College of North Staffordshire, Keele, Staffs (November 30). 

LECTURER IN ORGANIC CHEMISTRY at the University of Melbourne. 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 86 Gordon Square, London, W.C.1 (November 30). 

LECTURER IN PHYSICAL METALLURGY at the University of Queens- 
land, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Novem- 
ber 30). 

ASSISTANT LECTURER or LECTURER IN MATHEMATICS—The Regis- 
trar, University College of South Wales and Monmouthshire, Cathays 

ark, Cardiff (December 1). 

LECTURER (preferably with an interest in algae and fungi) IN THE 
DEPARTMENT OF BOTANY, University of Natal, South Africa—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (December 4). 

SENIOR LECTURER IN PURE — 
n’s University, Belfast (December 

SENIOR LECTURER or READER (senior “theore tical astrophysicist) IN 
Puysics in the Theoretical Group of the School of Physics, University 
of Sydney, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(December 5). 

LECTURER and a SENIOR LECTURER IN APPLIED MATHEMATICS at 
the University of Sydney, Australia—The Secretary, Association ot 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (December 7). 

LECTURER or ASSISTANT LECTURER IN MATHEMATICS at the Univer- 
sity College of the West Indies—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W.C.1 (December 10). 

PROFESSOR OF PHYSICAL CHEMISTRY at the University of Natal, 
South Africa—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (December 11). 

CHAIR OF MECHANICAL ENGINEERING—The Registrar, University 
College of South Wales and Monmouthshire, Cathays Park, Cardiff 
(December 12). 

GRADUATE to carry out a field and laboratory research programime 
IN CRop PuysloLoGy—Professor of Agricultural Botany, The Uni- 
versity, Reading, Berks (December 15). 

LECTURER IN PHystonoay at the University of Queensland, Aus- 
trallia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (December 15). 

RESEARCH FELLOW IN THE DEPARTMENT OF RADIODIAGNOSIS— 
The Registrar, The University, Leeds 2 (December 19). 

ASSOCIATE PROFESSOR (university graduate with qualifications and 
considerable experience in some branch of the technology of wool 
production or wool commerce or rural extension, and interested in the 
application of science to the practical problems of the sheep and wool 





Secretary, The 
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industry) IN WooL TECHNOLOGY at the University of New South 
Wales, Australia—The Agent-General for New South Wales, 56-57 
Strand, London, W.C.2, and the Bursar, The University of New 
South Wales, Box i, Post Office, Kensington, New South Wales, 

Australia, marking enve lope “University Appointment” (December 21). 

SAVILIAN PROFESSOR OF ASTRONOMY—The Registrar, University 
Registry, Oxford (December 24). 

ENTOMOLOGIST, Grade C (with a good honours degree in entomology 
(zoology), and with a particular interest in biological control work)— 
The Director, Commonwealth Institute of Biological Control, Science 

Building, Carling Avenue, Ottawa, Ontario, Canada (Dece mbe r 31). 

AGRICULTURAL DEVELOPME NT OFFICER (aged 25-40, with consider- 
able experience in arid/tropical agriculture based on well and flood 
irrigation) with the Aden Government—The Crown Agents, 4 Mill- 
bank, London, S.W.1, quoting Ref. M.3A.5857/T.A. 

BIOCHEMIST, Basic Grade (graduate in chemistry, or Associate or 
Graduate Member of the Royal Institute) IN THE DEPARTMENT OF 
PATHOLOGY—The Group Secretary, Queen Elizabeth Hospital for 
Children, Hackney Road, London, E.2. 

SENIOR SCIENTIFIC OFFICER (with an honours degree in zoology, 
with postgraduate experience in entomology) at the West African 
Stored Products Research Unit, Federation of Nigeria, to undertake 
original investigations into problems associated with stored food- 
stuffs in Nigeria, and evolve methods of improving quality and re- 
ducing losses, with particular reference to losses caused by insect 
infestation—The Director of Recruitment, Colonial Office, London, 
S.W.1, quoting BCD.153/14/012/T 

SPECIALIST or SENIOR SPECIALIST OFFICER, PLANT PATHOLOGIST 
(with a good honours degree in botany and at least two years post- 
graduate training or experie nee) in the Northern Region of Nigeria, 
for general plant pathology investigations—The Director of Re cruit- 
ment. Colonial Office, London, S.W.1, quoting BCD.63/408/039/T. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Northern Advisory Council for Further Education. Twe Ifth Annual 
Report, 1958-1959. Pp. 42. (Newcastle-upon-Tyne Northern 
Advisory Council for Further Educ ation, 1959.) {109 


Tenth Annual Report of the Wildfowl Trust, 1957-1958. Edited 
by Peter Scott and Hugh Boyd. Pp. 184+32 plates. (Slimbridge, 
Glos.: The Wildfowl Trust, 1959.) 10s. net. [109 


Institution of Electrical Engineers. Monograph No. 334E The 
Gain of Travelling-Wave Ferromagnetic Amplifiers. By Dr. P. J. B. 
— ats. Pp. 9. (London: Institution of Electrical a 
19 ye 
Plastics Today, No. 1 (June, 1959). Pp. 16. (London: Imperial 
Chemical Industries, Ltd., 1959.) [109 
Department of Scientific and Industrial Research. Factory Building 
Studies No.3: Floor Finishes for Factories. By Dr. F. C. Harper and 
P. A. Stone. Pp. v+10. (London: H.M. Stationery Office, 1959.) 
1s. 9d. net. {109 
Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 694, Vol. 242 (4 September 1959): Quanti- 
tative Studies on Tissue Transplantation Immunity. 4: Induction 
of Tolerance on Newborn Mice and Studies on the Phenomenon of 
Runt Disease. By R. E. Billingham and L. Brent. Pp. 439-477+ 
plate 10. 178. 6d. No. 695, Vol. 242 (4 September 1959): The Growth 
in Weight and Tail Length of Inbred and Hybrid Mice Reared at Two 
Different Temperatures. By G. A. Harrison. R. J. Morton and J. S. 
Weiner. Pp. 479-516. 12s. (London: Royal Society, 1959.) [109 
West African Timber Borer Research Unit. Technical Bulletin No.1: 
The Major Insect Pests of Timber and Lumber in West Africa. By 
T. Jones. Pp. 20+15 plates. 2s. Technical Bulletin No.2: Ambrosia 
Beetles (Seolytoidea)- Their Biology and Controlin West Africa. By 
T. Jones. Pp. 14+8 plates. 2s. (London: Crown Agents for Oversea 
Governments and Administrations, 1959.) [109 
Department of Scientific and Industrial Rese arch. Scientific Re- 
search in British Universities, 1958-1959. Pp. xii+446. (London: 
H.M. Stationery Office, 1959.) s. net. [109 
Bulletin of the British Museum (Natural History). Entomology. 
Vol. 8, No. 1: Check-List and Keys to _ Families and Subfamilies of 
the Hemiptera- : te “an By W. China and N. C. E. Miller. 
Pp. 1-45. 15s. Vol. zt & oar Subfamily, New tues nera and 
New Species of Reduviidac (Hemiptera- -Heteroptera). By N. C. E. 
Miller. Pp. 47-117+plates 1-4. 20s. Vol. 8, No. 3: Additions to 
Descriptions on New Olethreutinae and Carposinidae in the British 
Museum (Nz atural History). By A. Diakonoff. Pp. 119-126 + plates 
5-10. &s. Vol. No. 4: A Revision of the Termites of the Genus 
Amitermes from “the Ethiopian Region (Isoptera, Termitidae, Ami- 
termitidae). By W. A. Sands. Pp. 127-156. 10s. (London: British 
Museum (N: atural History), 1959.) {109 








Other Countries 


Tokyo Astronomical Observatory. Astronomical Bulletin (Second 
Series). No. 113 (January 20, 1959) : Meridian Observation of Right 
Ascension of Equatorial Stars made with Repsold Transit Instrument. 
Preliminary Results No. 14. By K. Tuzi. Pp. 1215-1290. No. 114 
(April 20, 1959): Meridian Observation of Right Ascension of “ox s 
Limb made with Repsold Transit Instrument. Report No. 3. By 
K. Tuzi and K. Nagane. Pp. 1291-1304. No. 115 (April 20, 1959) : 
Polar Tube Observations during 1958. By N. Sekiguchi and J. Mat- 
sumoto. Pp. 1305-1308. No. 116 (June 5, 1959): Meridian Observa- 


tion of Right Ascension of Equatorial Stars made with Repsold oe 
Instrument. 
1358. (Tokyo: 

Institut des Parcs Nationaux du Congo Belge. 
Pares Nationaux du Congo Belge, Mission J. G. Baer-W. 
(1958). Fascicule 1 : 


Preliminary Results, No. 14. By K. Tuzi. Pp. 

Astronomical Observatory, 1959.) M109 
Exploration des 
Gerber 


Helminthes Parasites. Par Jean G. Baer. Pp. 
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163+8 planches. Exploration du Pare National de la Garamba, 
Mission H. de Saeger, en collaboration avee P. Baert, G. Demoulin, 
I. Denisoff, J. Martin, M. Micha, A. Noirfolise, P. Schoemaker, G. Trou- 
pin et J. Verschuren (1949-1952). Fascicule on : Pselaphidae (Coleo- 
ptera Staphylinoidea). Par René Jeannel. Pp. 71. Exploration du 
Pare National Albert (Deuxiéme Série). Fascicule 10: Hemolymph 
of Curcurionidae and of Diptera. By Charles Grégoire. Pp. 17+6 
7950.) (Bruxelles: Institut des Parcs Nationaux du Congo Be ge. 
> 10 
Institut Royal Météorologique de Belgique. Publications Série A. 
No. 10: Sur le Comportement des Pluvionetres. Par Dr. L. Poncelet. 
Pp. 58. No. 11: Contribution a l’Etude du Probleme des Méthodes 
Actinométriques. Par Roger Pastiels. Pp. 128. Publications Série B. 
No. 26: Le Temps en 1958. Par Dr. H. Sneyers. Pp. 48. Observations 
[onospheriques, Station de Dourbes. Mars 1958. Pp. 26. (Uccle- 
Bruxelles : Institut Royal Météorologique de Belgique, 1959.) [109 
Connecticut Agricultural Experiment Station. Bulletin 606: Soils 
and 7 Use—Hartford County, Connecticut. By Alexander Ritchie 
and C. W. Swanson. Pp. 36. Bulletin 607: Report on Inspection 
and chamee of Commercial Fertilizers, 1957. By H. J. Fisher. Pp. 56. 
er 608: Root Growth in Connecticut Tobacco Soils. By Henry 
- de Roo. Pp. 36. Bulletin 609: 60th Report on Food Products, and 
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LETTERS TO THE EDITORS 


PHYSICS 


The D Region of the lonosphere 


AT KJELLER near Oslo, measurements of iono- 
spheric cross modulation were made in the period 
March, 1957—-May, 1958, by means of the pulse 
technique introduced by Fejer!. In this communi- 
cation we shall present some typical results from 
these observations. 

In connexion with a research project undertaken 
by the Norwegian Defence Research Establishment 
in order to study the polar radio black-out phenome- 
non, a number of ad hoc experiments were planned in 
order to study the D region during disturbed con- 
ditions. Some results obtained from a first short 
series of observations carried out near Troms6 
during November 1958 will be presented in this note. 

Quiet conditions, observations at Kjeller. In the 
experiments at Kjeller a frequency of 2-05 Mc./s. 
was used for the wanted wave, and a frequency of 
1-7 Mc./s. was used for the disturbing wave. The 
pulse duration was of the order of 100 usec. in both 
cases, and the transmitted peak powers of the wanted 
and disturbing waves were 5 and 75 kW. respectively. 

Fig. 1 shows a typical record sample from obser- 
vations at Kjeller, obtained on June 2, 1957, 
between 0200 and 0225 M.E.T. 

Although reliable observations could only be made 
at Kjeller during periods when the man-made noise- 
level was low, it has been possible to establish typical 
night and day time profiles for the different seasons. 
In Fig. 2 we have shown as an example the results 
from the winter observations. The standard devia- 
tions which are given are the means of the standard 
deviations deduced for single days. 

In order to convert the cross-modulation curves 
to electron-density profiles, we have assumed a 
certain curve for the values of the collision frequency 
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Fig. 1. Typical record sample. 
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Results from winter observations at Kjeller. 





Fig. 2. 


vy as a function of height. We have also assumed a 
value of 3 x 10-3 for the cooling constant G. The 
final duration of both the wanted and disturbing 
waves was taken into account. In Fig. 2 the resul- 
tant electron-density curves are also shown together 
with the assumed v curve. 

Disturbed conditions, observations near Tromso. For 
the cross modulation experiment a frequency of 
2:7 Mc./s. was used for the wanted wave, and a 
frequency of 2-3 Mc./s. was used for the disturbing 
wave. The duration was again of the order of 100 
usec. for both pulses, and the transmitted peak 
powers of the wanted and disturbing wave were 
2 kW. and 50 kW. respectively. 

Observations were made simultaneously of partial 
reflections from the D region using the same trans- 
mitter as for the disturbing wave in the cross-modu- 
lation experiment. 

The observations of partial reflexions require an 
observing site with a low noise-level. Noise measure- 
ment made near Troms6 during the summer 1955 
showed that it was possible to find an observing site 
where the noise-level was of the order of 250°K. 
during day time, in agreement with the results of 
Gardner?. 

During the observations in November 1958 we 
found that when high absorption occurred, it was 
normally possible to obtain weak partial reflections 
down to a height of the order of 60 km. Observations 
were made of the strength of both the ordinary and 
extraordinary waves as a function of height, and the 
method introduced by Gardner and Pawsey; was 
used in order to convert the results into electron- 
density curves. 

A detailed analysis of even the first short series of 
observations has not yet been completed. In this 
communication we shall only indicate the types of 











974 








Fig. 3. Results obtained during a disturbed period near Tromsé. 


results obtained, by showing some results from a 
selected period when weak, but still quite stable 
echoes were observed. In Fig. 3a the observed 
values of cross modulation are shown. The obser- 
vations were obtained as mean values during the 


period 2000—2200 mM.E.T. on November 26. 
The ionosonde recordings in Tromsé (20 km. 


from the observing station), showed no echoes at 

2000h., and only faint indications of echoes at 2100h. 

and 2200h. The strength of the echoes on 2-7 Mc./s. 
was of the order of 40 db. below the strength obtained 
during quiet conditions. 

In Fig. 3b we have shown the electron density 
profile deduced from the smooth curve of Fig. 3a, 
together with the v curve. In Fig. 3c the measured 
values of the ratio between the amplitudes of extra- 
ordinary and ordinary waves are shown. The smooth 
curve is deduced from the electron-density profile of 
Fig. 3b. The partial reflexion measurements were 
made in a short period round 2130 M.£.T. 

Fig. 3 showed that consistent results were obtained 
by the two different methods. Rather low frequencies 
were used in this first short series of observations 
both for the disturbing and wanted waves, and it was 
therefore only possible to make deductions with any 
certainty about the very low part of the D region. 
New series of observations have been undertaken or 
planned in which higher frequencies have also been 
used for the disturbing wave. 

In order to be able to convert the observed results 
into electron density profiles, two assumptions were 
made, and these will now be briefly discussed. 

A value of 3 x 10-3 was assumed for the cooling 
constant G. This value was chosen because it gave 
the best overall consistency of the cross-modulation 
results. 

Finally a curve was assumed for the collision 
frequency v. Our measurements have however 
provided us with two independent checks of this 
curve. 

(a) The measurements of cross-modulation from 
Troms6 show a transition from negative to 
positive cross-modulation round 65 km., and the 
level where this transition should occur is 
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critically dependent on the assumed vy curve. 
(6) In some cases, no significant differential ab- 
sorption occurred below the height of the lowest 
partial reflexions observed, and the measured 
ratio of the amplitude of the extraordinary and 
ordinary waves is then determined by v. 

The work reported here has been sponsored in 
part by the Electronics Research Directorate of the 
Cambridge Research Center, Air Research and De- 
velopment Command, U.S. Air Force, through its 
European Office, under contract AF 61(052)-08. 


B. BJELLAND 
O. Hott 
B. LANDMARK 
F. Lrep 
Norwegian Defence Research Establishment 
Kjeller, Norway. 
Aug. 4. 
1 Fejer, J. A., J. Atm. Terr. Phys., 7, 322 (1955). 


® Gardner, F. F., ibid., 5, 298 (1954). 
* Gardner, F. F. and Pawsey, J. L., ibid., 3, 321 (1953). 


A Comparison of Charges on the Electron, 
Proton and Neutron 


WE are gratified that attempts to test the charge- 
excess hypothesis have begun so soon, but we find 
the meaning of Hillas and Cranshaw’s experiment 
extremely obscure and we are not able to see that the 
conclusion claimed follows validly!. 

For example, the ion-trap is well inside the nozzle 
of the bottle, and any residual charge of the atoms 
and the gas could readily be compensated by the 
acquisition of free charges in the nozzle. Although 
the field produced by any such residual charge would 
probably itself be insufficient to liberate charges 
from the material of the nozzle, it would be amply 
sufficient to drag along charges already liberated. 
Surface interactions in the nozzle between the fast- 
moving gas and adsorbed material would very likely 
lead to production of free charges, and their general 
presence seems to be confirmed by the drift in 
potential actually noted. Again, it is not clear what 
happens to the free charges assumed to be collected 
by the ion-trap. They would presumably travel to 
the battery, and this is outside the bottle, the 
potential of which it is required to measure. The 
effect of these unbalanced charges is not clear. 
Furthermore, a potential of the same order as would 
be expected in the absence of balancing electrons is 
actually applied to the very box the potential of which 
it is wished to measure. 

The meaning of the observed large ionization 
current in the air, the fluctuations of the measured 
current, and the sudden changes of potential, as 
described, remains quite obscure to us, and it would 
seem necessary, in view of the minute difference of 
charge concerned, that much fuller consideration be 
given to these concomitant effects to establish how 
they influence the results. 

H. Bonp1i 
King’s College, 
London, W.C.2. 
R. A. LyTTLETON 
St. John’s College, 
Cambridge. 


Hilias, A. M., and Cranshaw, T. E., Nature, 184, 892 (1959). 





prov: 
isotre 

In 
cond 
effici 
the t 
taker 

Fo 
elect 
abso! 
Fran 


TI 
prop 
tures 


whe! 
The 
form 


If w 


then 





st 
d 
id 


te) 
3 


— 











September 26, 1959 


No. 4691 


Influence of the Thomson Effect on the 
@- Relationship for a Constrictive 
Resistance in Thermal Equilibrium 


THE relationship between the temperature 0 and the 
electrical potential » at any point within a current- 
carrying constrictive resistance in thermal equilibrium 
ean be expressed in the form!: 


9: e 


[ a= ae- | | eaoay (1) 
6 : ( 


) 6 


provided that the material is both homogeneous and 
isotropic. 

In this equation A and y are the thermal and electrical 
conductivities respectively, and o is the Thomson co- 
efficient. At the warmest section in the constriction 
the temperature is 0; and the potential 9 is arbitrarily 
taken to be zero. 

For most metals the ratio of the thermal and 
electrical conductivities is roughly proportional to the 
absolute temperature 7’, and we have the Wiedmann- 
Franz—Lorentz equation?: 

be = AT 
Xs 

The Thomson coefficient c is likewise approximately 
proportional to the temperature, except at tempera- 
tures near the melting point, and we can write: 


o= BT 
= TA 


x 


where A, B and 7 are constants. 
The 9-9 relationship can then be re-written in the 
form: 


6, ? 0, 
a 32 1 d 40 
— dO = 492? — + | do } —- « 
x rig 

0 0 0 


If we define an operator Q to be such that Q f(¢) is 


then the foregoing equation becomes: 


0, 
[1+ -a1 { a0 = 49" 
0 


so that: 
6, 
a 1 
Le eee ene Uy 
[Fa (i + +) *? 
6 


AL — tQ + $22Q?2 — 439Q3 +... Jp? 


I 


ls iJ 3 7? 4 
“<2 ~ a? + av" T +s: 


1 
= = {exp(—t?) + to — 1] (2) 
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Thus: 
6 To, 
r 
[za = ATdT = $A[T'9,? = T'¢?] 
6 : 19 


1 
= 3 lexp(—79) + 79 — 1] (3) 


If the product t¢ is small, this result becomes to a 
close approximation: 


A[To? — Te] = ¢¢ [1-2 (4) 
Equation (1) corresponds with that part of the 
constriction in which the electric current flows in the 
direction of decreasing temperature. In that part 
where the current flows in the direction of increasing 
temperature, the algebraic sign of the Thomson 
coefficient is reversed, and in this part of the constric- 
tion the 0-9 relationship is: 


1 
4A(To,? — To?) = sglexp(t?) — 79 — 1] (5) 


so that: <A(To,? — To”) = 9? [2 ++ 3 | (6) 


if tp is small. 


W. Davies 
Department of Engineering, 
University College, 
Newport Road, 
Cardiff. 
1 Jones, F. L., “‘Fundamental Processes of Electrical Contact Phenomena” 
(H.M.S.O., 1953) 
? Sommerfeld, A., and Bethe, H., ‘‘Elektronentheorie der Metalle’’, in 


“Handbuch der Physik’’ (Springer, 1933). 
3 Fowler, R. H., “Statistical Mechanics’’. 


Resolution of Wide-range Grating 
Spectrometers 


WHILE it is common experience that the wave- 
number resolution of grating spectrometers tends to 
be constant over a wide wave-length range!, the 
theoretical basis for this observation does not appear 
to have been clearly formulated. The reason for this 
omission is doubtless due to concentration of interest 
on a particular grating, or set of gratings, and to the 
diversity of sources of radiation and detectors used for 
different spectral regions. However, if an unlimited 
range of gratings be assumed, so that maximum dif- 
fracted energy can always be assured, and attention 
is confined to a black-body source, some simple 
relationships may readily be deduced. 

From the general form of the grating equation 


d(sin 6; + sin 62) = na (1) 


where d is the grating spacing, 6; the angle of incidence, 
02 the angle of diffraction, A the wave-length and n 
the order of the spectrum, it is obvious that for a given 
geometrical configuration A in the first order is 
proportional to d. Only the first order need be con- 
sidered since a grating in the mth order is, for our 
present purpose, equivalent to a grating with spacing 
d/n in the first order. The spectral interval obtained 
with a grating in a given spectrometer is proportional 
both to d, as can be seen by differentiating equation 
(1), and to the slit-width, s. 








976 NATURE 


Now a frequency N in wave-numbers « 1/A and, 
on differentiation, 3N « 8A/22, so that for a given 
spectrometer SN « s/A, since 64 and A are both propor- 
tional to d. Thus for 3N to be constant s must be 
proportional to 2. 

The energy reaching the detector of a grating 
spectrometer is proportional to sJ, 5’, where J, 8A 
represents the quantity of radiation between 4 and 
2-+ 62, and after substituting for 8 this is propor- 
tional to s? A Jj. Fortuitously, for a black-body at 
2000° K. the variation of J, with wave-length is such 
that for constant energy on the detector s is nearly 
proportional to 4 from 2 to 20u and consequently 3N 
is almost constant over this range. More detailed 
information is given in Table 1 and it will be seen 
that at wave-lengths beyond 20u the energy falling on 
the detector cannot be maintained without sacrificing 
resolution. At 1254 the maximum slit-width of 
15 mm. (5: 1 reduction on 3-mm. aperture of a Golay 
cell) has been reached in the example given. 

As the wave-length increases beyond 20yu, J) 
becomes proportional to 2-4 with ever increasing 
accuracy (Rayleigh—Jeans law) and the energy reach- 
ing the detector therefore tends to be proportional to 
822-3, If this quantity is maintained constant, 
s2?< 323 and 8N « s/A «23, approximately in accor- 
dance with values of 5N given in Table 1. 


Table 1 
Spectral interval Energy on 
rN Jz 3 8 bN detector 
(u) (mm.) (arbitrary units) 8 2AJ7 
2 82 16-4 O1 1 0164 
10 0-088 O88 Od 1 0-220 
20 0-0067 0-134 1 1 0-134 
50 0-0,191 0-0096 4 1-6 0-154 
125 00,51 0-0,64 15 2- 0-144 


In the corresponding case when resolution is 
limited by diffraction rather than by energy, SN is of 
course independent of wave-length. 

A. E. MARTIN 
Sir Howard Grubb, Parsons and Co., Ltd., 
Optical Works, 
Walkergate, 
Newcastle upon Tyne, 6. 


? Lord, E. C., and McCubbin, T. K., J. Opt. Soc. Amer., 47, 689 (1957). 


Strength Impairment Mechanism of Glass in 
Aqueous Systems 

RECENTLY we conducted a _ precision tension 
(‘Instron’) strength study of two glass fibre fabrics 
exposed to several different environments. The 
resulting data are summarized in Fig. 1. When one 
considers a logical basis for the experimental data, it 
appears that the water deterioration of glass is a 
chemical solution process. There is a_ two-fold 
evidence for this view. First, the higher pH exposures 
of the glass fibres give rise to a greater weakening 
than with a simple water exposure. This agrees 
well with the observed solubility versus pH relations 
of typical glasses, and it implies that the molal 
activation energies for glass fracture in a glass 
system with microcracks present therein are lower in 
the high pH solutions'*. Such high pH solutions 
might be found useful to accelerate or expedite 
glass fractures where this slight solution effect can be 
tolerated. Second, the drying out of the glass fibres 
after exposure did not serve to restore the full 
original strength of the glass fibres. If only a physical 
adsorption were involved a full reversibility could 
be expected. 
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Crack Solid 









A- Original crack surface 
Le New crack surface 


Fig. 1. Relationship of crack angle and rate of attack (chemical). 

(The effect of stresses superimposed is to make X larger than this 

theoretical maximum. 6, Crack angle; XY, increase of crack 
depth =t cosec 0; r, rate of attack = t. 

Table of values (¢=1) from X =t cosec 0 


57°3 


} 
2° 86 |. "he hi 
5° 115 | Shows rate of change. The high values for 
7° 8-20 | sharp cracks in ‘constant’ geometry case as 
10° 5-76 >d2/dé tcosec@ at 6. 
15° 3-86 | 
20 2-92 
30° 2-00 


The ieketaes shows considerable evidence of 
aqueous (both vapour and liquid) weakening ; but 
this appears to be the first indication of the effects of 
pH therein and of the probable strength-impairment 
mechanism implied thereby***. The subject glass 
fibres were of commercial grade, heuce they may be 
expected to have contained numerous microcracks. 
If the chemical solution were vigorous enough, then 
presumably the defective surface layers could be 
removed and the unit glass fibre strength would be 





significantly increased (x 2-4) over the original 
Table 1. SUMMARY OF INSTRON TENSILE TEST DaAtTa* 
Glass Glass 
Fabric A Fabric B 
1. Air strength 
(Av. of 20) 4-82 lb. 6-49 Ib. 
2. Wet strength 
(3-4 hr. exposure) 4-11 3-68 
3. Wet and dried 4-58 6-44 
4. Wet cement 
strength (average of 5) pH 11 pH 13 pH 11 pH 13 
Cement Cement Cement Cement 
1-2 hr. 3°62 2-85 3°64 3°55 
3-34 hr. 4:18 2-63 3°69 3°65 
5-54 hr. 4-23 2-68 3-65 3°77 
8-84 hr. 4°39 3-11 3°88 3°79 
24-24% hr. 4-638 3-08 4-16 3°96 
120 hr. (10) 4:23 4-00 5-98 5-23 


* All are averages of ten specimens unless otherwise noted. 
levels’. Our results (Table 1), suggest that aqueous 
chemical solution or film formation is the basic 
mechanism of the glass fibre deterioration which we 
have observed. From the literature, it is of interest 
to note that the water reaction impairment of glass 
is evidently operative even under ordinary laboratory 
atmosphere circumstances, for otherwise the paraffin 
oil (sodium dried) case would not have conferred 
the reported 20 per cent strength increase*. We 
believe that our finding helps to correlate many 
apparently unconnected empirical results in the 
literature and affords predictions of glass fibre and 
other glass behaviours in various’ engineering 
environments. 

FREDERICK J. RADD 
Donap H. OERTLE 
Continental Oil Co., 
P.O. Drawer 1267, 
Ponca City, 
Oklahoma. 
July 9. 
1Stanworth, J. E., ‘Physical Properties of Glass’, 156 (Oxford 
University Press, 1950). 
2 ibid., 114. 
* Morey, G. W., ‘The Properties of Glass’, 330 (Reinhold Publishing 
Corp., New York, 1954). 
* Ref. 1, 95. 
® Ref. 1, 92. 
* Ref. 2, 330. 
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Reversion of Nodules Formed by the Grain 
Boundary Reaction in Aluminium-Zinc. Alloys 


THE grain boundary reaction is a phenomenon by 
which nodules with large lamellar precipitates grow 
from grain boundaries during artificial ageing of 
super-saturated solid solution alloys. It is called 
discontinuous or cellular precipitation by some 
workers. There have been many studies on the grain 
boundary reaction in aluminium-zine alloys (Fig. 1). 
We have recently shown that the crystallographic 
orientation of nodules formed by the reaction is 
identical with that of the adjoining crystal grain, 
from which the nodules grow.! However, the 
reversion process, which dissolves the lamellar 
precipitates in the nodules into matrix and reduces 
the nodules to the homogeneous solid solution, has 
not yet been reported. 


Optical microscopic observations were made on the 
reversion process of the nodules in aged aluminium- 
zine alloys containing 30 and 40 per cent zinc. 
Specimens with nodules were solution heat-treated 
for a short time in a salt-bath regulated at a uniform 
solid solution temperature. As the heating went on, 
the lamellar precipitates gradually dissolved into 
matrix. The surface of the nodules became wavy by 
electrolytic polishing (Fig. 2) on account of the 
varying zine concentration, but it became flat by 
chemical polishing. By further heating all precipitates 
were dissolved into matrix, though the advancing 
boundaries of the nodules scarcely changed their 
positions. A polygonization-like structure was 





Fig. 1. 22 per cent zinc, aged for 16 hr. at 100°C. (x40). Fig. 2. 
30 per cent zinc, aged for 40 hr. at 100°C. and heat-treated for 
40 sec. at 300°C. (x400). Fig. 3. 30 per cent zinc, aged for 
40 hr. at 100°C. and heat-treated for 160 sec. at 300°C. ( x 400). 
Fig. 4. 40 per cent zinc, aged for 10 hr. at 100°C. and heat- 
treated for 20 sec. at 400°C. (x80). Fig. 5. 40 per cent zine, 
aged for 15 hr. at 100°C. and heat-treated for 20 sec. at 400°C., 
then re-aged for 12 hr. at 100°C. ( x80). 


observed in them (Fig. 3). When the specimens were 
chemically polished and etched with a solution of 
2 parts nitric acid, 2 parts hydrochloric acid, 1 part 
of hydrofluoric acid, and 30 parts of ethanol, etch 
pits were formed within the nodules (Fig. 4). The 
density of these etch pits is greater than that of matrix 
grains, and moreover they lie on lines nearly per- 
pendicular to the advancing boundaries. The same 
specimens were re-aged and etched with Wassermann’s 
reagent, when a network structure was clearly 
observed, caused by preferential precipitation (Fig. 5). 
The nodules in Fig. 5 are those which were newly 
formed by re-ageing. 

It is presumed that this phenomenon may be a 
kind of polygonization, that is, a formation of sub- 
boundaries composed of an array of dislocations. 
These dislocations may be due to the misfitting 
boundaries formed by a union of the minute nodules 
grown at the same grain boundary, as was shown in 
dendritic growth’, or the incomplete annealing of 
localized plastic deformation produced from the rapid 
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volume changes of nodules owing to the rapid dis- 
solution of precipitates. 
We wish to thank Dr. Z. Takamura for his helpful 
discussions and Mr. 8S. Yamaya for his assistance. 
{your WATANABE 
Hokkaido Gakugei University, 
Hakodate, Japan. 
SHIGEYASU KopDaA 
Tohoku University, 
Sendai, Japan. 
June 18. 


1 Watanabe, R., and Koda, S., Nature, 183, 1667 (1959). 
? Forty, A. J., and Gibson, J. G., Act. Met., 6, 137 (1958). 


CHEMISTRY 


A Paper-Chromatographic Method for the 
Determination of Suitable Buffer Systems 
for Countercurrent Distribution 


BeEtrna recently described! a method for the deter- 
mination of suitable pH values for the extraction of 
antibiotics. He used air-dried buffered paper, which is 
absorbent and tends to lead to the formation of 
‘comets’, and he did not take into account the ratio of 
the volumes of the moving and stationary phases, r, 
which also influences the Ry value. Thus the accuracy 
of his method is rather limited. Using a relatively 
moist paper and taking into account some quantitative 
relationships involved, it is possible to make this 
method more precise. 

The distribution of a solute between an organic 
solvent and a buffer solution is given by: 


> k , 
= 1+ Ksp/[OH-] (bases) | 
p> iGE 
a. a lo 
a re Kai 7 (acids) 
where K = partition ratio (ratio of overall concentra- 


tions of solute in organic and water phase); k = parti- 
tion coefficient (ratio of concentrations of unionized 
solute in organic and water phase); Ke, Ka = 
ionization constant of base or acid. 

Assuming that paper chromatography is a con- 
tinuous extraction process, the Rr is expressed by: 

Kr kr 
"Ti" Stine” | 
- (2) 
kr . | 
“STTi eae (acids) | 
where r is the ratio of the volumes of the moving and 
stationary phases: r = 

Plotting of Ry against pH gives S-shaped curve 
whose shape and position depends on: 

(a) The partition number kr. The higher kr the 
higher and further to the left is the curve. At kr 
values higher than 50 the shape of Rj = f(pH) 
curves is independent of kr and only their position 
depends on kr. Thus an x-fold increase of kr shifts 
the curve to the left by log x pH units. 

(b) The ionization constant Kg (Ka). The smaller 
the constant the further to the left is the curve. An 
x-fold decrease in Kg (Ka) shifts the curve by 
loge pH units to the left (higher pH values for acids 
and lower pH values for bases). 


Ry 
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Acid (K4 = 10-"*) 
13 12 11 10 9 














Base (Kp = 10-?°) 
Fig. 1 


It can be seen from (2) that the ratio r of the 
volumes of the mobile and stationary phases must be 
taken into account when interpreting paper chroma- 
tography data for batchwise extraction. For example, 
in the same system, a tenfold decrease or increase of r 
changes the pH of the non-mobile phase which is 
necessary to stop the migration of the substance, by 
1 unit. Partition ratio of a solute at a given pH can 
be calculated from: 


- If Rr ) 
ine “(; — ip) (3) 
In order to decrease the adsorption of the paper, the 
use of moist buffered paper, with Wz = 1:5, where 
Wz = (wt. of humid paper)/(wt. of dry paper) 
is recommended?:®. For organic solvents slightly 
soluble in water (hexane, benzene, chloroform), a value 
of r of about 2 is obtained’. Thus we have: 


- _1f_ Rr 
K = 37m) i 


The formula (4) permits the determination of the 
optimal pH value when mixtures are separated by 
countercurrent distribution. The best separation for a 
binary mixture is obtained when: 


r/(K’.K’) = 1 (5) 


Where K’ and K” are the partition ratios of the sub- 
stances to be separated. Calculating these ratios from 
(4) at various pH values it is easy to find the value at 
which the condition (5) is satisfied. 


ANDRZEJ WAKSMUNDZKI 
EDWARD SoOczZEWINSKI 


Physical Chemistry Department, 
Academy of Medicine, 
Lublin, Poland. 
1 Betina, V., Nature, 182, 796 (1958). 
* Gclumbic, C., and Orch n, M., J. Amer. Chem. Soc., 72, 4145 (1950). 
* Waksmundzki, A., and Soczewitiski, E., Roczn. Chem., 32, 863 (1958). 
* Waksmundzki, A., OScik, J., and Frelek, Z., Ann. Univ. MCS. Lublin. 
Soc., AA, 9, 83 (1954). 
* Waksmundzki, A., Soczewitiski, E., and Aksanowksi, R., Chem. Anal., 
2, 459 (1957). 
* Debska, W., Nature, 182, 666 (1958). 


Volatile Liquid Partition Chromatography 


Gas chromatographic separations have been made 
using the gas phase of the partitioning liquid as the 
eluting gas instead of the conventional inert carrier 
gas. This eliminates an essential component in con- 
ventional gas chromatography. 
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The method is based on the circular gas chromato- 
graph already described!. The apparatus consisted of 
two 5-ft. copper columns of 4-in. outside diameter 
connected through a circulating pump at one end and a 
thermal conductivity detector and injection system at 
the other. Each column contained 12°25 gm. of 20-30 
mesh size insulating brick. The apparatus was 
evacuated, and 3°43 gm. of partitioning liquid was 
injected using a hypodermic syringe. After about an 
hour of pumping, the recorder base-line became con- 
stant indicating an even distribution of the liquid. 
Separations were made at ambient temperature and at 
vapour pressure of the partitioning liquid. Sample 
sizes were 20-50 ul. 

Fig. 1 shows, as an example, the detector record for 
the separation of (A) methyl formate and (B) diethyl 
ether using furan as the partitioning liquid. The 
subscripts on the chromatogram for A and B denote 
the number of times each compound has passed the 
detector. The amplitude of each peak decreased with 
the number of cycles. After five to ten cycles the 
sample became eveniy distributed. A new sample can 
then be injected. The addition of a number of 
samples made a negligible contribution to column 
characteristics. 


Table 1 

Cyclic retention times 

(min.) 

Partitioning Components 
liquid in binary mixtures With partitioning Support 

liquid : only 

Alone Mixture 
Furan Diethyl ether 5-7 55 4-0 
Methyl! formate 41 3-9 3°5 
Furan 4-Methyl-1-pentene 12:3 12-3 56 
n- Pentane 5:3 5-4 4-7 
Methyl formate 4-Methyl-1-pentene 11:7 11-9 5-6 
n-Pentane 5-0 48 4:7 
Methyl formate Methylethyl ketone 22:0 22-5 12-0 
2,2,3-Trimethyl- 12-0 12:3 8-0 


butane 


Table 1 shows retention times for the separation 
of two binary liquid solutions on each of the two 
partitioning liquids, furan and methyl formate. 
Retention times are given for the compounds injected 
individually and as binary solutions. Retention times 
are also listed for the compounds injected on the same 
column support but prior to the addition of parti- 
tioning liquid and using helium as a carrier gas. 
Pressures were adjusted to the vapour pressure of the 
partitioning liquid. Agreement between retention 


Recorder deflexion 








Time (min.) 


Fig. 1. Mixture injected: A, methyl formate; B, diethyl ether. 
Furan column 
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tirnes for compounds injected singly and in solutions 
permitted unambiguous identification. Ratios of 
retention times show that the partitioning liquid is 
affecting separation although the brick support itself 
exhibits some selectivity. 

Elimination of the inert carrier gas is potentially 
useful in non-analytical applications of gas chromato- 
graphy. The method is a unique way of using relatively 
high molecular weight carrier gases. 


RoGeEr S. Porter 
JULIAN F. JOHNSON 


Californian Research Corporation, 
Richmond, 
California. 


1 Porter, R. S., and Johnson, J. F., Nature, 183, 391 (1959). 


A New Carbonyl Compound from 
Piper methysticum Forst. 


THE rhizomes of Piper methysticum Forst. are the 
raw material from which the Polynesians and other 
Pacific island peoples prepare their ceremonial (and 
soporific) beverage ‘awa (also known as kawa of kava- 
kava). The chemical constituents of ‘awa root were 
first studied over a hundred years ago, but the most 
extensive investigation was carried out by Borsche 
and co-workers! some thirty years ago. While Borsche 
established the structure of several constituents, none 
of these compounds, curiously enough, was found to 
possess physiological activity. This negative result led 
to the surmise that activity is perhaps introduced 
during the preparation of the drink which involved 
chewing of the root?. Van Veen? in 1938 showed that a 
substance, marindinin, was responsible for the drug 
action of ‘awa. Marindinin, however, was later shown 
to be identical with Borsche’s dihydrokawain? (I), a 
substance previously found to have no physiological 
activity®. 


OCH3 
| 


ay 


ee 
/\CH»—CH2” Yo’ So 
(I) 


The unresolved state in which this problem had 
remained for many years induced us some time ago to 
initiate a chemical re-investigation. The recent up- 
surge of interest in ‘awa originating from several 
laboratories®-§ prompts us to report our preliminary 
findings at this time. The Polish workers® re-investi- 
gated one of Borsche’s compounds, yangonin, and 
corrected its structure from a y-pyrone to an «-pyrone 
(II). The German workers’ established for the first 


ea 


as 
oe, (‘ 
W\cH=cH” ‘o’ No 


(11) 


time beyond doubt that the ‘awa constituent dihydro- 
methysticin (III) possesses sedative activity. The 
Riker group® substantiated this finding and in addition 
isolated a new substance designated ‘compound A’ 
of empirical composition C14H1203. 

In our work ‘awa root was dried, milled and 
extracted in a Soxhlet with ethanol for 31 hours. 
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OCHs3 
O 
J ra B4 a \ 
2 
No Se ‘o’ So 


(111) 


(The material was collected by Dr. C. E. Swanholm of 
this Laboratory at Waiahole, Island of Oahu, and its 
identity was established by comparison with an 
authentic specimen in the Bernice P. Bishop Museum 
collection.) The solid residue after evaporation of the 
solvent in vacuo was refluxed with ether and filtered 
while warm to remove insoluble material. Upon 
cooling of the ethereal solution a yellow solid 
separated. This solid after two recrystallizations from 
ethanol melted at 115-118° C. and was found to be 
identical with dihydromethysticin (III) by comparison 
with the published information on this compound and 
by elemental analysis (performed by Dr. A. Bernhardt, 
Miilheim, Germany). The infra-red spectrum (Nujol 
mull) of (III) exhibited the bands reported by the 
Riker group® as well as a series of bands at 8-11 u 
characteristic for the dioxymethylene grouping?. 

The ethereal mother liquor from which dihydro- 
methysticin had been removed was washed succes- 
sively with acid and base and the ether was removed 
in vacuo. The resulting residue was dissolved in 
methanol and treated with Girard’s reagent 7’ accord- 
ing to Vogel’s!® procedure. The resulting carbonyl 
components were distilled, yielding as the major 
fraction a yellow oil, b.p. 104° C./0°4 mm. From 
spectral considerations this oil appeared to contain a 
dioxymethylene grouping and a carbonyl function 
conjugated with olefinic unsaturation. A crystalline 
2,4-dinitrophenylhydrazone of this oil melted at 
204-207° C. (from ethyl acetate). Its infra-red 
spectrum agreed with previously made assignments of 
functional groups. The combustion analysis of the 
derivative supported an empirical composition of 
Ci1H1003, although this formulation cannot be con- 
sidered entirely established. 

Further work on this and other minor constituents of 
P. methysticum is in progress. In this connexion it is 
worth noting that recent work in this laboratory! 
established the presence of alkaloids in this plant to 
the extent of 0°012 per cent (based on dry root). This 
finding is in fair agreement with an earlier alkaloid 
report}. 

Paut J. SCHEUER 
THomas J. HoriGan 


Department of Chemistry, 
University of Hawaii, 
Honolulu 14. 
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Structure of Bituminous Coals: Evidence 
from Distribution of Hydrogen 


Stupies of the structure of vitrainous bituminous 
coals by X-ray diffraction! and infra-red spectro- 
scopic?:? techniques have led to the paradoxical con- 
clusion that although the greater part of the carbon 
(75 per cent) is ordered in aromatic systems, most of 
the hydrogen (for example, up to 80 per cent) in a 
coal containing 83 per cent carbon) is attached to the 
few carbon atoms not in aromatic systems. This 
paradox cannot be resolved by supposing the aromatic 
systems to be very large, or if small that they are 
heavily substituted by alkyl groups: the X-ray 
evidence denies the first supposition, and the second 
is inadmissible since the infra-red work shows that 
long alkyl chains are absent and the ratio of methyl to 
methylene groups is small. The average molecular 
weight4 is such that one molecule must contain a 
considerable number of these aromatic systems. Thus 
a molecule in coal apparently consists of a number of 
rather small aromatic systems, say 1-3 fused rings, 
highly substituted by aliphatic groupings that serve 
mainly to link together the ordered regions and mostly 
do not terminate in methyl groups. 

Attempts to construct suitable molecules on paper, 
and with atomic models—in the first instance with a 
medium-rank coal of 83 per cent carbon content— 
show that it is difficult to find any structure that 
answers the above requirements and at the same time 
has an elementary composition near that of coals. 
These experiments lead to the following conclusions: 

1. The structure must be built on a more cr Icss 
regular repetitive pattern, like a polymer; one cannot 
achieve a high enough degree of substitution if one 
starts with a random assortment of aromatic systems 
randomly linked together by short chains and alicyclic 
rings. 

2. Even if some regular pattern is adopted, one can 
still not attain high substitution if any one aromatic 
nucleus is linked to any other by only one linkage. 

3. It has been possible to find one (and so far only 
one) type of structure that fits the requirements of the 
X-ray and infra-red studies and also the elementary 


Fig. 1. Cyo2H7,0,)N.; molecular weight 1490. Analysis (per cent) : 82:1 C ; 5-2 H;1-9N; 10-70 (cf. DIII coal ; 82°33 C; 50 H; 1:83 N; 10-9 0; 
D.M.F. Parr’s basis). Ratio C-Hg,/C-Hg1 = 0-26. Hydroxyl content, 6-25 per cent O as OH; carbonyl, 4-15 per cent O as C = O Ratios, carbon as 
2:23:3:1. Average composition of non-aromatic portion, CH,... Overall average number of intercluster linkages 3°5 per cluster, 


CH,:CH,: CH:C = 


Number of atoms per aromatic cluster (including coplanar substituent atoms and assuming oxygen to have the same X-ray scattering factor as 
carbon), in the range 12-19. Vibration frequency of all carbonyl groups about 1610-1620 cm.-! Fraction of total carbon in aromatic combination. 
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analysis. In this, any one aromatic nucleus is linked 
to any other by two aliphatic linkages. The prototype 
of such molecules is 9 : 10-dihydroanthracene, which 
can be regarded as composed of two (non-coplanar) 
benzene rings linked by two methylene bridges. In 
view of the X-ray evidence concerning the size of the 
aromatic nuclei it is reasonable to consider molecules 
built up of naphthalene rather than benzene residues; 
the structure envisaged has for hydrocarbon skeleton 
a copolymer of units like: 





y 
CHe b 


WOON fi Jae 
oo, Nb vy \/ \ 


I J ) 
a/ ~/ \4\ou,/” Fa A 


where all bonds a are linked to CHe groups and all b | 
to ortho positions in aromatic rings. In addition a | 
third aromatic residue can be attached to any pair of | 
methylene groups yielding a triptycene derivative. 
It can be seen that a molecule built to this pattern | 
will be somewhat flexible, but much less so than a | 
chain polymer; it will be far from planar, and, in view 
of the variety of ways in which units can be linked 
together, of such extended and irregular shape that it 
is unlikely to pack regularly with others in a crystal. 
The greater part of the oxygen in coals can be accoun- 
ted for as phenolic hydroxyl>-® and strongly conju- 
gated carbonyl chelated to hydroxyl®-8. The structure 
in Fig. 1 illustrates one way in which units of the type 
described above can be built together into a molecule. 
The elementary composition of the molecule shown is 
that of a typical low-rank coal (82 per cent carbon). 
The content of hydroxyl and carbonyl groups is close 
to that found by direct determination on the coal 
(for refs. see above); and the environment of the 
carbonyl groups is such that their vibration frequency 
would be close to 1600 cm.-! (the only band in the 
spectra of coals that can be ascribed to carbonyl! is at 
1600 cm.-!). The molecular weight is 1490, which is 
somewhat higher than that found experimentally for 
solvent extracts of the coal, but may well be too low as 
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a weight average for the whole coal. The ratio 
C—Ha,r/C—Ha: for the model is 0°26 for the molecular 
weight chosen, or 0°22 if the weight is doubled: a short 
extrapolation of the curve given by Brown? gives a 
value of 0°18—0-2 for the ratio for a coal of this carbon 
content. By varying appropriately the oxygen content 
and the state of reduction of some of the ring systems 
the composition and functional group anaylsis of 
other coals of carbon content in the range 78-89 per 
cent can be satisfactorily represented, with ratios 
C—Ha,/C—Ha: equal to or slightly higher than those 
deduced by Brown? from the infra-red spectra. 

Thus there is at least one pattern of structure that 
can resolve the paradox set by X-ray and infra-red 
studies of coal structure. In fact this type of structure 
can also give a plausible account of a number of other 
physical and chemical properties of coals, such as 
reactivity to various reagents, behaviour on pyrolysis, 
and the thermodynamic non-ideality of solvent 
extracts of coals in solution. The model may therefore 
be a sufficiently good approximation to serve as a 
working hypothesis. Its properties in relation to those 
of coals will be examined in more detail in a paper to 
be submitted to Fuel. 

P. H. GIVEN 


British Coal Utilisation Research Association, 
Randalls Road, 
Leatherhead, Surrey. 
July 2. 
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BIOCHEMISTRY 


A New Crystalline Salt of Oxytocin 


A CRYSTALLINE salt of oxytocin, its flavianate, 
was reported several years ago from this Laboratory!. 
The flavianate crystallized in long silky needles and, 
as was reported, was rather difficult to handle. 
Therefore a search was made for other crystalline 
salts of the hormone in the hope of obtaining crystals 
with more convenient properties. 

Formation of precipitates was observed on the 
addition of various acids and salts (for example, 
naphthalene-$-sulphonic acid, picric acid, ammonium 
reineckate, ammonium sulphate, sodium heliantate, 
and p-hydroxyazobenzene-p’-sulphonic acid) to 
aqueous (5 per cent) solutions of oxytocin. The 
precipitates formed by the addition of the last two 
reagents went into solution on addition of ethanol 
and on slow evaporation crystals were obtained 
(Fig. 1). The salt of oxytocin formed with p-hydro- 
xyazobenzene-p’-sulphonic acid showed the more 
convenient properties and was studied further. This 
salt separates from aqueous ethanol at 22° in orange- 
coloured crystals (rectangular plates and_ well- 
formed prisms) with marked birefringence. Crystals 
were also obtained from only partially purified 
oxytocin, and the product had a considerably higher 
potency than the starting material. The avian 
depressor test is not influenced by the presence of 
p-hydroxyazobenzene-p’-sulphonic acid. <A loss of 
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weight of about 5 per cent was observed on drying the 
salt at 100° in vacuo over phosphorus pentoxide for 
6 hr., but the dried substance showed about the same 
total amount of activity as before drying. 

Solutions of p!-hydroxyazobenzene-p’-sulphonic acid 
or its salt with oxytocin in 0-1 N hydrochloric acid 
exhibit a strong absorption band with a maximum 
at 33 mu. From the optical densities measured at 
this wave-length, the acid content of the salt was 
determined. Several batches of the crystalline 
salt were investigated and it was found that they 
contain 24 per cent of the acid, whereas the calculated 
value is 21-6 per cent. However, after recrystallization 
of the salt from aqueous ethanol, an acid content of 
21 per cent was found. Analytical values were also 
close to the calculated The new crystalline 
salt of oxytocin has no well-defined melting point. 
It sinters at 190-200°, deeomposes at 240-250”. 
The recrystallized salt has a potency of about 400—450 
units per mgm. (ref. 2). 


ones. 


The salt migrates as a single substance both on 
paper chromatograms and in countercurrent dis- 
tribution (AK =2-6) in a solvent of n-butanol-water. 
However, if 0-1 per cent acetic acid is added to this 
solvent system, p!-hydroxyazobenzene-p’-sulphonic 
acid exhibits a distribution coefficient K = 2-8, whereas 
oxytocin has a K value about ten times less and so 
they can be easily separated. Another method for 
the separation of the hormone from the sulphonic 
acid is by passing a solution of the salt through a 
column of the carboxylic anion exchange resin 
‘Amberlite IRC-50’ (H cycle). The coloured acid 
component is practically unadsorbed and is readily 
removed by washing the column with dilute acetic 
acid. On the other hand, oxytocin stays on the 
column and can be eluted afterwards with a mixture of 
acetic acid / pyridine / water. A still more con- 
venient procedure for the conversion of the new 
oxytocin salt into salts of the hormone with other 
acids consists of passing a solution of the coloured 
salt through a column of a weak anion exchange resin 
(for example, ‘Dowex 3’) which was treated previously 
with an acid, such as acetic acid. 

The properties of this salt of the hormone known so 
far suggest that it may serve, instead of the dried 
pituitary powder, as a working standard preparation 
in the biological assay for oxytocie activity as well as 
being useful in the purification of oxytocin. 

We wish to thank Dr. William H. Stein and Dr. 
Stanford Moore for the sample of highly purified 
p-hydroxyazobenzene-p’-sulphonic acid used in this 
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work. Knowing that Bergmann and associates*»4 
found various sulphonic acids to be useful reagents 
for forming crystalline salts of amino-acids and 
peptides, we were fortunate in obtaining from 
Drs. W. H. Stein and S. Moore a group of such 
compounds which they felt would be worth trying. 
We are also indebted to Mr. Joseph Albert for the 
microanalyses, to Mr. David N. Reifsnyder for his 
assistance in the experiments, to Miss Dade Tull and 
Miss Maureen O’Connell for the biological assays. 

This work was supported in part by a grant from 
the National Heart Institute, U.S. Public Health 
Service, Grant No. H-1675. 
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Department of Biochemistry, 
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New York. 
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. Pierce, J. &., Gordon, S., and du Vigneaud, V., J. Biol. Chem., 199» 
* Pharmacopeia of the United States, 15th Revision (1955), p. 554 

and p. 8 of the second supplement to the 15th Revision (1959). 
* Stein, W. H., Moore, S., Stamm, G., Chou, C.-Y., and Bergmann, 

M., J. Biol. Chem., 143, 121 (1942). 
. we H., Moore, S., and Bergmann, M., J. Biol. Chem., 154, 191 


Complex Formation of Chlorpromazine with 
Flavins 

In previous reports’? concerning the mechanism of 
inhibition of D-amino-acid oxidase, the formation of a 
complex of the inhibitor and the coenzyme, flavin 
adenine dinucleotide, was described. {xperiments 
with chlorpromazine, however, indicated a different 
mechanism of inhibition. 

Chlorpromazine concentrations ranged from 
4x 10-&-2 x 10-5 M, nearly the maximum solubility 
at pH 8-3. Complex formation of chlorpromazine 
and flavin adenine dinucleotide was tested by 
fluorimetry and spectrophotometry. As_ chlorpro- 
mazine did not quench the fluorescence of flavin 
adenine dinucleotide or shift its spectrum complex 
formation of chlorpromazine with flavin adenine 
dinucleotide was excluded as the mechanism of 
inhibition of D-amino acid oxidase by chlorpro- 
mazine. From these results and kinetic analysis of 
enzymic reactions, the inhibition was attributed to 
the competition of chlorpromazine with flavin 
adenine dinucleotide®. 

However, it has been suggested recently‘ that the 
phosphorescence of riboflavin is quenched by 
chlorpromazine, so this was re-examined using higher 
concentrations of chlorpromazine than 10-5 M. 
Tests were carried out at pH 6-5-7-0, where chlorpro- 
mazine is more soluble than at pH 8-3. 

In the preliminary experiments, the addition of 
excess chlorpromazine to flavin adenine dinucleotide 
solution at pH 6-5 changed the colour of the latter 
from yellow to brownish yellow and diminished its 
fluorescence. 

The absorption spectrum of the mixture of flavin 
adenine dinucleotide (9 x 10-* M) and chlorpromazine 
(2x 10-* M) in phosphate buffer (!/10, pH 6-5) was 
measured. As shown in Fig. 1, it was lower than the 
theoretical curve obtained by adding the spectra of 
flavin adenine dinucleotide and chlorpromazine. 

The quenching action of chlorpromazine on the 
fluorescence of flavin adenine dinucleotide was then 
analysed. The relation between the fluorescence 


intensity of flavin adenine dinucleotide and the 
concentration of chlorpromazine (C) is : 
S/ft=14+C/k 
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Fig. 1. Spectra of flavin adenine dinucleotide and chlorpromazine. 

I, Flavin adenine dinucleotide (9 x 10-* M) in phosphate buffer 

(M/10, pH 6-5); II, chlorpromazine (2 x 10-? M) in the same 

buffer ; III, mixture of chlorpromazine (2 x 10-* M) and flavin 

adenine dinucleotide (9 x 10-* M) in the same buffer; IV, 

theoretical spectrum of flavin adenine dinucleotide + 
chlorpromazine. 


where f and f! are the fluorescence intensities of 
flavin adenine dinucleotide in the absence and in the 
presence of chlorpromazine, and K is the dissociation 
constant of chlorpromazine from its complex with 
flavin adenine dinucleotide. By plotting f/f! against 
C, a straight line, with intercept 1, can be obtained, 
and K can be calculated from the slope of this line. 

The plots of f/f! obtained by experiment gave a 
straight line as shown in Fig. 2. K was calculated to 
be 2 x<'10-* 2. 

Fluorimetric and spectrophotometric analyses were 
also applied to the interaction between chlorpromazine 
and riboflavin or flavin monophosphate. Nearly 
the same results were obtained as with flavin adenine 








dinucleotide, and the dissociation constant of 
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Chlorpromazine (uM x 10~‘) 
Fig. 2. Quenching action of chlorpromazine on the fluorescence 
of flavin adenine dinucleotide. f and f' correspond to the 
fluorescence intensities of flavin adenine dinucleotide (1 x 10-* M) 
in the absence and in the presence of chlorpromazine in phosphate 
buffer (M/10, pH 7-0). 
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chlorpromazine from its complex with riboflavin or 
flavin monophosphate was also calculated to be 
1 x 10-° M from fluorimetry. 
From these results, it may be concluded that 
chlorpromazine forms a complex with the isoalloxazine 
part of flavins at a concentration of 10-? M. Con- 
sidering the order of the dissociation constants of the 
complexes calculated from fluorimetry, it is clear 
that complex formation can be excluded from the 
mechanism of inhibition of D-amino acid oxidase by 
chlorpromazine. However, the complex formation of 
chlorpromazine with flavins could be significant 
in vivo if higher concentrations of chlorpromazine 
than 10-5 M were reached. For example, the fact 
that the injection of flavin adenine dinucleotide can 
reverse the effects of chlorpromazine on an electro- 
encephalogram can be partly explained by the 
formation of a complex of these two compounds in 
the living body®. 
Kunio YAGI 
TAKAYUKI OZAWA 

Department cf Biochemistry. 
TosHIHARU NAGATSU 

Department of Neuropsychiatry, 

School of Medicine, 
Nagoya University, Nagoya. 
May 22. 


1 Yagi, K., Okuda, J., Ozawa, T., and Okada, K., Science, 124, 273 
(1956) ; Biochim. Biophys. Acta (in the press). 

? Yagi, K., Okuda, J., Ozawa, T., and Okada, K., Biochem. Z., 328, 
492 (1957). 

° Yagi, K., Nagatsu, T., and Ozawa, T., Nature, 177, 891 (1956). 

‘ Szent-Gy6rgyi, A., ‘Bioenergetics’, 118 (Academic Press, 1957). 

®* Yagi, K., Ozawa, T., Ando, M., and Nagatsu, T. (unpublished 
results). 


Preparation of a Highly Purified Sample of the 
Urinary Gonadotrophin 


THE difficulty encountered in the determination of 
the physical and chemical properties of the urinary 
gonadotropin is closely related to its small concentra- 
tion in urine. It is also the reason why so many studies 
concerning this hormone refer mainly to its biological 
properties. Nevertheless, it would be of considerable 
interest to obtain gondadotropin of high purity. That 
is why we attempted to isolate it from the urine of 
sterilized women or women at the menopause. We 
report here our preliminary results. 

The urine is adjusted to pH 4°5 and 3 parts of 
95 per cent alcohol are added. The precipitate is 
extracted 3 times with 50 per cent alcohol. The 
residue is separated by centrifugation and the remain- 
ing liquid is concentrated to a 75 per cent alcoholic 
solution. The precipitate is washed, dried and dis- 
solved in a buffered acetate solution (pH 4°5). The 
resulting solution is absorbed on kaolin!. The 
ammoniacal eluate is adjusted to pH 5:1 then 3 parts 
of acetone are added. The precipitate which is formed 
is centrifuged, washed and dried. It is then passed 
through an ion exchange resin (‘Permutit’ or ‘Dowex’). 
The product is purified without appreciable loss. The 
association of two ion-exchange resins brings no 
jmprovement. 
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The preparation thus obtained reveals a strong 
activity in the test on the gain of weight of the uterus 
of immature mice?. 

Table 1 shows the increase in purity at the different 
stages (2 experiments): 

The glycoproteic nature of the preparation was 
demonstrated by the determination of the hexoses 
(13 per cent), hexosamines (11 per cent) and the high 
percentage of sialic acid (8 per cent). Electrophoresis 
in the liquid phase according to Tiselius* at pH = 8, 6, 
uw = 0:1, revealed the non-homogeneous quality of the 
product. Finally, the product was tested histologically 
on the ovaries of immature rats hypophysectomized 
2 months before. A distinct follicular maturation was 
observed together with a protoplasmic hypertrophia of 
the interstitial cells. 

Thus even at this degree of purity the preparation 
possesses both follicle-stimulatory and luteinizing 
stimulatory properties. 

ROLAND BouURRILLON 
RENE GoT 
RENE Marcy 


Laboratoire de Biochimie, 
Faculté de Médecine, 
45 Rue des Saints-Péres, 
Paris 6. 
April 10. 
Lorraine, J. A., and Brown, J. B., Acta Endocrinol., 17, 250 (1954). 
2 Klinefelter, H. F., Albright, F., and Griswold, G. C., J. Clin. Endocrinol. 


Metabol., 3, 529 (1943). 
3 Tiselius, A., Trans. Faraday Soc., 33, 524 (1937). 








Biosynthesis of Carotenes in Carrot Extracts 

Using methyl and carboxyl labelled acetate, Grob 
and Butler!.? have shown that both carbon atoms of 
acetate are extensively incorporated into #-carotene 
synthesized by Mucor heimalis. They also found 
that pantothenic acid and pantetheine stimulate 
B-carotene synthesis; on the basis of this fact they 
have suggested that coenzyme A is involved in 
carotenogenesis. Studies have therefore been made 
to investigate the role of coenzyme A in the bio- 
genesis of carotenoids; the present study details 
the results of the experiments on carotene biosyn- 
thesis using extracts prepared from carrots (Daucus 
carota). 

The carrots after removal from the soil were 
cooled in crushed ice, and in the frozen condition they 
were cut into small pieces. 10 gm. (fresh wt.) were 
ground with 100 ml. phosphate buffer (0-2 M, pH 
5-8) at 0°C. for about 10 min. and the fine debris 
removed by centrifugation at 500g. for 5 min. 
The supernatant solution of the carrot extract 
(containing protein concentration of about 6 mgm.) 
were incubated at 28° C. in 250-ml. Erlenmeyer 
flasks on a rotary shaker for 18 hr. with the desired 
substrates in phosphate buffer (pH 5-8, 0-2 M.) 
Carotenes were extracted in freshly distilled ether. 
The etheral extract was freed of moisture by treating 
with anhydrous sodium sulphate. The carotenes 
were transferred in 5 ml. petroleum ether (b.p. 
80—100° C.) and were determined as 6{-carotene 


Table 1 


Experiment 1 
Weight of the uterus/ 
weight of the product 


Weight of the 
final product 
(mgm./1. urine) 
5 


Experiment 2 
Weizht of the uteru3/ 


Weight of the 
weight of the product 


final product 
(mgm./]. urine) 


Alcohol precipitate .. ase a 571 22) mzm./ 4mzm. 260 29 mzm/ 02 mgm 
Kaolin extract ie ron a 4 22-3 mgm./ 0-03 mgm. 16 30 mgm./ 0-03 mgm. 
Permutit eluate ee 0-4 33 mgm./ 0-0935 mgm. 2 34:9 mzgm./ 0-094 mgm. 
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by measuring HE 450 mu. (£ }%2 1 em. = 2500) in 
a Beckman photo-electric spectrophotometer. Co- 
enzyme A and yeast extract used during the experi- 
ment were commercial preparations from Nutritional 
Biochemicals Corporation and Difco Laboratories 
respectively. Adenosine triphosphate was prepared 
in the laboratory by Lepage’s method*. 
CAROTENE SYNTHESIS BY CARROT EXTRACT INCUBATED 
WITH VARIOUS SUBSTRATES 


Table 1. 


The test system contained final concentrations of 0-2 M phosphate 
buffer pH 5-8, substrates in amount listed below and 5 ml. of carrot 
extract in a total volume of 30 ml. in each 250 ml. Erlenmeyer flask, 
incubated 18 hr. at 28° C 


Amount Carotene amount in ymoles 
Substrate added 
(mgm.) Zero After Net 
time incubation change 
Glucose 625 0-148 0-161 +0-013 
Glucose 625 0-148 0-200 +0°052 
+ yeast 50 
extract 
Acetate 250 0-148 0-168 + 0-020 
Acetate 250 0-148 0-217 + 0-069 
+ yeast 50 
extract 
None (con- 
trol) = 0-143 0-123 —0-025 
Table 2. COFACTORS REQUIREMENTS FOR INCORPORATION OF ACETATE 


CARROT EXTRACTS. THE CONDITIONS WERE 


EXACTLY AS IN TABLE 1. 


INTO CAROTENE BY 


Net change in amount of 


Substrate added * catorene (in wmole) 


Acetate +0-0225 
Acetate + yeast extract + 0-0600 
Acetate + coenzyme A + adenosium 

triphosphate +0-0639 
Acetate + coenzyme A +0-035 
Acetate + adenosine triphosphate +0°0425 


None (Control) —0-0192 


*The amounts of acetate and yeast extract added were same as given 
in Table 1 whereas coenzyme A and adenosium triphosphate added 
were 0-1 and 5-0 mgm. respectively. 


Table 1 lists the results of an experiment showing 
that carrot extracts can form significant amounts of 
carotene from glucose as well as from acetate. It 
seems that acetate is superior to glucose in synthesiz- 
ing carotenes in carrot extracts. From the results 
of control experiments it can be seen that some 
amounts of carotene originally present in the experi- 
ment (at zero time) disappears during the incubation. 
For this reason it appears that the true amount of 
carotene synthesized in the experiment may be 
considerably greater than the net accumulation 
determines. Because of the magnitude of the rate of 


destruction of carotenes in such control experiments, ' 


they are usually performed as a routine check in 
all tests of carotene synthesis. 

Also included in Table 1 are results of experiments 
which show that yeast extract stimulates carotene 
synthesis both in acetate as well as in glucose con- 
taining media. Friend et al.4 abserved that yeast 
extract stimulates growth and carotenogenesis in 
Phycomyces blakesleeanus in acetate medium. They 
also observed that none of the B vitamins present 
in the yeast extract is responsible for the stimulation. 

The results of an experiment recorded in Table 2 
indicate that coenzyme A and adenosine triphos- 
phate present in the yeast extract might be the 
stimulating factors. 

With this information at hand, it appeared neces- 
sary to approach experimentally the detailed mecha- 
nism with the use of cell-free preparations Prelimi- 


minary experiments have shown that most of the 
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synthesis in carrots is localized in the supernatant 
fraction obtained by centrifuging the carrot extract 
at approximately 18,500 g for 30 min. at 0° C. 

We wish to thank Dr. C. V. Ramakrishnan for his 
interest in this work and the M. S. University Re- 
search Foundation for a grant towards laboratory 
expenses. 

V. V. Moni 
D. K. Patwa 


Dr. K. G. Naik Biochemistry Department, 

M. S. University of Baroda, Baroda. 

1 Grob, E. C., and Butler, R., Helv. Chim. Acta, 8, 1313 (1955). 

2 Grob, E. C., and Butler, R., Helv. Chim. Acta, 7, 1908 (1954). 

3 Lepage, G. A., Biochem. Prep., 1, 5 (1949). 

4 Friend, J., Goodwin, T. W., and Griffiths, L. A., Biochem. J., 60, 
642 (1955). 


Ribonucleases of Mouse Tissues and of the 
Ehrlich Ascites Tumour 


DURING investigations of the infectivity for the 
Ehrlich mouse ascites tumour of ribonucleic acid 
isolated from tissues infected with Mengo encephalitis 
virus!, it was found that some factor in the ascitic 
plasma, the fluid in which the tumour cells are 
suspended in vivo, prevented the production of virus 
by the tumour cells. Since ribonuclease is known to 
destroy the infectivity of ‘Mengo-RNA’ preparations, 
the ascitic plasma was examined for the presence of 
this enzyme. It was found to have a significant level 
of activity, releasing 600.90 yugm. ribonucleic 
acid-phosphorus/hr./ml. (average of 8 determinations) 
from 4 per cent ribonucleic acid at 37°C. and pH 7-4 
(veronal-acetate buffer). 

Careful construction of a pH-activity curve revealed 
that the ascitic plasma ribonuclease is optimally 
active at pH 7:3. Since this differed from the 
reported pH optima of the alkaline ribonucleases of 
liver and pancreas, and preliminary estimations 
showed that the Ehrlich tumour cells were almost 
devoid of activity at neutral pH, it raised a question 
as to the origin of the ascitic plasma enzyme. In an 
effort to provide an answer, ribonuclease activities 
(both acid and alkaline) were determined for a 
number of normal mouse organs, and for cells of the 
Ehrlich ascites tumour. 

The ribonuclease assay procedure depended on the 
formation, from yeast ribonucleic acid, of perchloric 
acid-soluble substances absorbing at 260 my. In- 
cubations were carried out at 37°C. in veronal- 
acetate buffers of constant ionic strength (0-06) at 
15 pH values between 5-0 and 8:5. Tissue homo- 
genates were prepared in distilled water and were 
diluted so that all contained similar levels of activity 
per unit volume. 

All normal organs with significant ribonuclease 
activity had an acid maximum between pH’s 5-6 and 
5-8, with the exception of brain (6-0) and pancreas. 
Skeletal and cardiac muscle, and the combined 
formed elements of the blood had negligible ribo- 
nuclease activity. In the alkaline range, the tissues 
could be classified into four groups (Table 1) on the 
basis of their pH optima and activity levels. 

(1) Pancreas had a vastly greater activity than any 
other tissue. It, alone, had asharp optimum at pH 7:3. 
No acid peak could be demonstrated, probably because 
of the significant activity of the alkaline pancreatic 
enzyme in the acid region. 
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(2) The lymphoid tissues, spleen, thymus and lymph 
nodes, had similar patterns of activity. The pH- 
activity curves of all three were characterized by 
broad plateaux between the limits indicated in 
Table 1. The thymus curve had no differentiable 
peaks, while the lymph nodes and spleen showed 
somewhat more activity in the region of pH 7:3. 
Lung and intestinal mucosa gave similar curves 
with more definite differentiation of peaks at pH 7:3. 

(3) The parenchymatous organs, kidney, liver and 
submaxillary salivary gland, formed a distinct group 
with pH optima in the region of 7:8. 

(4) Brain, muscle (skeletal and cardiac) and the 
combined formed elements of the blood had minimal 
levels of activity with no clearly defined maxima in 
their pH-activity curves. 

Mouse blood serum and ascitic plasma had similar 
levels of activity, and the pH-activity curves of 
both showed single, well-defined, maxima at pH 7:3. 

Compared with the normal tissues, the ascites 
tumour cell appeared to be quite novel. It had little 
activity at physiological pH’s, but showed pH optima 
at 4-8 and 8-4. Inthe presence of 4 « 10-4. p-chloro- 
mercuribenzoate, a compound which has been shown 
to reverse the inhibition of ribonuclease by a naturally 
occurring ribonuclease inhibitor of rat liver®, the 
picture changed completely. As illustrated in Fig. 1, 
the acid and alkaline peaks disappeared and were 
replaced by a broad maximum between pH’s 6-5 and 
7-2, with a ten-fold increase of enzyme activity at 
pH 7:0. The ascites tumour cells thus appear to 
contain a potent inhibitor of ribonuclease, and the two 
optima seen in the pH activity curve in the absence 
of p-chloromercuribenzoate may be a reflexion of 
dissociation of the enzyme-inhibitor complex at 
acid and alkaline pH’s. 

The pancreas is the only tissue with a sharp pH 
optimum at 7:3, and the shapes of the pH-activity 
curves of the serum and ascitic plasma are identical 
with that of the pancreas. The localization of 
pancreatic ribonuclease in the zymogen granules* 
and the demonstration of carbamylcholine induced 
liberation of ribonuclease from pancreas slices‘ 
suggest that this enzyme is part of the digestive 
secretion of this organ. In support of this conclusion 
is the fact that the intestinal juices were found to have 
a relatively high level of activity (Table 1) with a well- 
defined optimum at pH 7:3. 

The similarities between the curves obtained with 
lung and small intestine and those of the lymphoid 


Table 1. ALKALINE RIBONUCLEASE OF MOUSE TISSUES. 


Tissue Mean activity* pH maximum 
(1) Pancreas 9,000 7:3 
(2) Spleen 153 6-7 — 7-4 
Thymus 90-0 5-6—> 71 
Peripheral lymph nodes s4-4 6:8 —> 7-4 
Intestinal mucosa 100 6-8 —> 7-4 
Lung 28-8 68 —> 75 
(3) Kidney 34-4 79 
Salivary gland 18-8 73 
Liver 12°8 7°38 
(4) Brain 3-2 indefinite 
Muscle 0-9 indefinite 
Heart 0-4 indefinite 
Blood celis 0-3 indefinite 
Normal serum 4-0 7:3 
Ascites plasma 3°8 73 
Intestinal contents 144 78 
Ehrlich ascites tumour cells 5-6 83 
Ehrlich ascites tumour cells 
p-chloromercuri- 
benzoate 8-6 6-6 > 7:2 


* Ribonuclease activity is expressed as the change in optical density 
at 260 my in the acid-soluble supernatant produced by 1 gm. (wet 
weight) of tissue in 30 min. under the conditions of assay. Values 
are the means of several estimations. 
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Fig. 1. pH activity curve of Ehrlich tetraploid ascites tumour 
cells measured : , in the presence of 3 x 10~* Ws magnesiumion 
and @®, with 3x10-* M magnesium ion and 4x10-‘* 


p-chloromercuribenzoate. Ribonuclease activity is expressed as the 
percentage of the activity obtained at the optimum pH with 
inhibitor immobilized by p-chloromercuribenzoate 
tissue may be due to the relatively large accumulations 
of lymphoid elements in both tissues, and the tendency 
to show peaks at pH 7:3 to the large blood content 
of the lung and to adsorbed pancreatic enzyme by 
intestinal mucosa. The broad maxima characteristic 
of the lymphoid tissue curves may be due to the 
presence in these tissues of several ribonucleases with 
pH optima between pH’s 6-5 and 7:3. To consider 
these tissues as the source of the serum enzyme would 
require the assumption that a ribonuclease, optimally 
active at pH 7-3, was released preferentially therefrom. 

The most probable source of the serum and ascites 
plasma ribonuclease, therefore, appears to be the 
pancreas, on the basis of the striking similarities in 
the shapes of the pH activity curves and of the 
physiological peculiarities of the pancreatic enzyme. 
The exocrine nature of this enzyme two 
possible routes for its entry into the blood stream. 
It could be absorbed during its secretion by the 
pancreas, or it could be absorbed by the intestine 
after discharge into the gut lumen. 

The apparent grouping of the tissues according to 
the level and pH optimum of the alkaline ribonuclease 
may represent functional alliances within each group 
with respect to their nucleic acid metabolism. 
Investigations are in progress to ascertain whether 
the unique pattern of activity found in the Ehrlich 
(tetraploid) ascites tumour cells is characteristic of 
other malignant and free-living cell types as well. 

The work described in this communication was 
aided by a grant (H-89A) from the American Cancer 
Society and by a grant from the Samuel 8. Fels Fund. 

K. A. O. ELLEM* 
J.S. COLTER 
JEANNE KUHN 
The Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsylvania. 
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Paper Electrophoresis of Trypanosomal 
Extracts 


ELECTROPHORESIS has been of value in determining 
the physico-chemical constitution of cell-free extracts 
of micro-organisms!*. These studies have been 
confined mainly to the bacteria and no such in- 
vestigation of trypanosomal extracts has been made. 
Moving-boundary electrophoresis has been the method 
most frequently employed to analyse microbial 
extracts although the simplicity of paper electro- 
phoresis would be of obvious advantage. The purpose 
of this communication is to describe the technique 
for paper electrophoresis and the resultant electro- 
phoretic patterns of trypanosomal extracts. 

Trypanosomes were obtained from citrated heart- 
blood of heavily-infected rats by differential centri- 
fugation. After the third washing with physiological 
saline in a graduated centrifuge tube, the trypanosomes 
were re-suspended in distilled water to the pro- 
portion of 0-5 ml. water to every 0-1 ml. packed 
trypanosomes. This suspension was shaken with 
ballotini beads in a Mickle disintegrator for half an 
hour. The extract contained approximately 20 mgm. 
protein/ml. The type of buffer used appears to be a 
critical factor in electrophoresis of the extracts. 
Longsworth’s veronal buffer at pH 8-6, Sorensen’s 
phosphate buffer at a pH range of 6-0—-8-2 and 
Mcellvaine’s phosphate-citric acid buffer all failed to 
effect adequate migration and demarcation of the 
several fractions. The buffer described by Bodman?* 
gave excellent results. This buffer of pH 8-7 is 
composed of: barbitone soluble 40 gm., sodium 
acetate 26 gm., magnesium sulphate 2 gm., N/10 
sulphuric acid 256 ml., and distilled water to make a 
final volume of 5 litres. The buffer is always discarded 
after use. The extracts were applied to strips of 
Whatman 3 MM paper (no separation occurred on 
bacterial-membrane filters) with a Pasteur pipette 
using a ruler as a guide across the horizontal 
electrophoresis tank. A _ potential difference of 
130 V. was applied for 20 hr. after which the strips 
were fixed in a solution of 9 parts methanol and 1 part 
glacial acetic acid and then stained with bromophenol 
blue. Electrophoretograms of the patterns were 
constructed with an ‘EEL’ scanning unit. 

Fig. 1 shows a typical electrophoretogram of an 
extract of Trypanosoma rhodesiense. It will be seen 
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Fig. 1. Paper electrophoretic analysis of a cell-free extract of 
Trypanosoma rhodesiense. Electrophoresis performed in Bodman’s 
veronal-acetate buffer of pH 8-7 at 130 V. for 20 hr. 
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that the extract is composed of four fractions. 
Fraction 1 and the closely associated fraction 2, 
both of low mobilities, are 28-75 per cent and 28 
per cent of the total respectively. Fraction 3 which 
appears as a distinct band of greater mobility contains 
26-65 per cent of the total. Fraction 4 which appears 
as a ‘trail’ is present in most, but not all samples ; 
in this instance it amounts to 16-6 per cent of the 
total. There is a slight variation in the proportion 
of fractions from sample to sample but the number 
of fractions, except for fraction 4, and their respective 
mobilities seem to be constant. 

Work is now in progress to determine the chemical 
nature of the individual fractions and to compare 
the electrophoretograms derived from various species 
of pathogenic African trypanosomes. It is also 
foreseen that the isolation of the trypanosome’s 
antigens and the application of immuno-electro- 
phoretic techniques may shed some light on the 
perplexing problem of the apparent antigenic variation 
occurring during the course of some trypanosome 
infections. 

This work will be published in detail elsewhere. 

ROBERT S. DEsSOwITz 

Protozoology Section, 

West African Institute for 
Trypanosomiasis Research, 
Vom, Northern Nigeria. 
June 15. 
: Hess, E. L., and Slade, H. D., Biochem. et Biophys. Acta, 16, 346 
* Wagman, J, Pollack, E., and Wenock, E. J., Arch. Biochem. Biophys., 


73, 161 (1958). 
* Bodman, J., Laboratory Practice, 6, 517 (1957). 


Hydrolysis of ‘Heated’ Hemoglobin 


A DIMINISHED rate of alkaline denaturation of hemo- 
globin is not confined to foetal hemoglobin only, as 
was already found by Singer etal.!. Kinzer? in a 
survey on the occurrence of ‘foetal’ hemoglobin in 
various blood disorders found an _alkali-resistant 
fraction in the anemia developing after burns. Our 
observations have confirmed Kiinzer’s and it has been 
found that this minor hemoglobin abnormality 
develops during the first few hours after the burn and 
persists for some time. This abnormality develops 
before that of clinical anemia and involves the 
patients’ own and transfused cells. The detailed 
results of this work will be published elsewhere. 

Heating to 52°C. for four minutes followed by 
incubation at 37°C. in glucose acid citrate in an 
atmosphere of nitrogen did in vitro produce a similar 
lesion. 

Hemolysates were rendered stroma free and con- 
centrated by ultra-filtration. 

Aliquots were hydrolysed with 1-5 N hydrochloric 
acid at 110°C. for periods of 5, 10, 15, 20, 25 and 30 
minutes. The hydrolysis products in the supernatant 
were separated by drying measured aliquots in poly- 
thene caps in vacuo over phosphorus pentoxide and 
potassium hydroxide at approximately 4°C. The 
dried residues were quantitatively applied to What- 
man 3 MM. filter paper squares and the peptides 
separated by combined electrophoresis and chromato- 


graphy*. Parallel experiments were run_ simul- 
taneously. Fifteen spots could be located after 30 
minutes hydrolysis and these were arbitrarily 


numbered. To investigate the rate of liberation of the 
peptides, the colour intensities of the spots 1, 2, 3, 9 
and 10 were determined according to the method 
described by Meyer‘. The readings were expressed as 
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Fig. 1. The rate of liberation of spot 10 by acid hydrolysis. 


40 


wo 
o 


+. @ HEATED ond INCUBATEO 
UNTREATED 


to 
i) 


— 
oO 
o 


Percentage of & extinctions of spots 1, 2, 3, 9, 10 











0 
0 10 20 30 
Time (min.) 
Fig. 2. The rate of liberation of spot 1 by acid hydrolysis. 


a percentage of the sum of the extinctions of all the 
spots investigated. Fig. 1 shows the rates of liberation 
of spot 10 and Fig. 2 the same for spot 1 as averages 
of duplicate experiments. Spot 10 was liberated more 
rapidly from heated blood than normal blood, while 
the rate of liberation of spot 1 was somewhat delayed 
in the heated sample. The intensity of the areas 2, 3 
and 9 remained almost constant throughout the 
period investigated. The other areas showed little 
intensity change. The area 1 derived from normal 
blood shows a hydrolysis rate closely corresponding to a 
first-order reaction, while spot 10 derived from heated 
blood approximates to a first-order reaction. Complete 
hydrolysis of the peptides 1 and 10 gave rise to 12 
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amino-acids—lysine, valine and leucine being the 
predominant. Both peptides 1 and 10 show similar 
electrophoretic mobility, but 10 migrates much faster 
on chromatography. It is reasonable therefore to 
suppose that 10 is derived from the degradation of 1. 

The differing behaviour of the two hemoglobin 
samples on hydrolysis could be due to the differing 
rates of exhaustion of some of the enzymes of the 
glycolytic cycle, which could be the reflection of an 
accelerated general ageing process causing an early 
accumulation of lactate and pyruvate. This causes a 
decrease in internal cell pH which could affect the 
secondary configurational structure of the globin and 
therefore its rate of acid hydrolysis. 

The primary defect responsible for these findings 
may be the irreversible inactivation of glucose-6- 
phosphate dehydrogenase or of phosphoglyceraldehyde 
dehydrogenase or both. The early decrease of activity 
of these enzymes in vivo and in vitro in the ageing 
erythrocytes was observed by Lohr et al’. A primary 
developing deficiency in glucose-6-phosphate dehydro- 
genase might give rise to a similar behaviour on acid 
hydrolysis of the erythrocytes of familial idopathic 
hemoglobinemia. 

S. Baar 
Medical Research Council 
Industrial Injuries and Burns Research Unit, 
Birmingham Accident Hospital, 
Birmingham 15. 
June 18. 
1 Singer, K., Chernoff, A. I., and Singer, L., Blood, 6, 413 (1951). 
2 Kiinzer, W., Z. Kinderh., 76, 58 (1954). 
8 Ingram, V. M., Biochim. Biophys. Acta, 28, 539 (1958). 
“ Meyer, H., Biochem. J., 67, 333 (1957). 


* Lohr, G. W., Waller, H. D., Karges, 0., Sehlegel, B., and Miiller, 
A. A., Klin. Wschr., 36, 1008 (1953). 


Interaction of Streptomycin and 
Dihydrostreptomycin with Apo-and 
Co-dehydrogenases 


Ir is well known that streptomycin reacts with 
nucleoproteins and highly polymerized nucleic acids}, 
to form precipitates in vitro. 

Attempts to discover whether streptomycin can 
also react with unpolymerized nucleotide compounds, 
such as mono.-, di-, or oligo-nucleotides, have shown 
that no precipitate is formed with the compounds 
tried hitherto’. 

Nevertheless it is possible that streptomycin 
reacts with these nucleotides without forming a 
visible precipitate. In order to test this last pos- 
sibility experiments were carried on the interaction 
between streptomycin and enzymes with nucleotide- 
like coenzymes or prosthetic groups. 

The diphosphopyridine nucleotide-linked yeast 
alcohol dehydrogenase was used for this purpose. 
The dehydrogenase was prepared in a crystalline 
state from baker’s yeast according to Racker?. 
500 and 5,000 ugm. streptomycin (Pfizer, streptomycin 
sulphate) or dihydrostreptomycin (Poulenc, sulphate) 
were added and the diphosphopyridine nucleotide 
reduction rate when coupled with oxidation of the 
ethanol was determined with a quartz spectrophoto- 
meter SF'-4 at 340 mu. 

Streptomycin had no effect on the oxidation of 
ethanol by the dehydrogenase-diphosphopyridine 
nucleotide mixture, whereas monoiodoacetic acid 
stopped the process immediately (Fig. 1). 

Streptomycin and dihydrostreptomycin were in- 
cubated for 24 and 48 hours with crystalline 














120 240 360 
Time (sec.) 
Fig. 1. Reduction of diphosphopyridine nucleotide (0-06 umole) 
by crystalline alcohol dehydrogenase (0-018 mgm.) with ethanol as 
substrate (0-6 wmoles). (1) Control curve without any inhibitor. 
(2) Streptomycin sulphate 500 pgm. (3) Iodoacetic acid, as a 
specific inhibitor. (4) All components as in the main test except 
the specific substrate (ethanol). 











120 240 360 480 
Time (sec.) 
Fig. 2. Influence of preincubation of diphosphopyridine nucleotide 
with streptomycin or dihydrostreptomycin on the reduction of 
diphosphopyridine nucleotide in the presence of alcohol dehydro- 
genase and ethanol. All concentrations the same as in Fig. 1. 
(1) Diphosphopyridine nucleotide incubated with streptomycin for 
50 hr. (2) Diphosphopyridine nucleotide incubated without anti- 
bioties for 50 hr. (3) Diphosphopyridine nucleotide preincubated 
with dihydrostreptomycin at 0°C. for 50 hr. (4) Same components 
as in the main test without the substrate. 


diphosphopyridine nucleotide to test for a possible 
interaction with the nucleotides, but the reduction 
curve was identical with that for unincubated 
diphosphopyridine nucleotide (Fig. 2). 

We then examined whether incubation at 0°C. of 
the apodehydrogenase itself influenced its activity. 
As Fig. 3 shows there is a remarkable diminution in 
the reduction rate of diphosphopyridine nucleotide 
when the apodehydrogenase previously incubated 
with streptomycin was used. The extent of inhibition 
depends upon the contact time of the enzyme protein 
with the antibiotic. 

It seems that the frequently observed inhibition of 
dehydrogenase activities by streptomycin is due 
probably not to its reaction with the coenzyme but 
rather to that with the protein moiety of the enzyme. 

To what extent this phenomenon is responsible 
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Fig. 3. The inhibition of diphosphopyridine nucleotide reduction 


by streptomycin when preincubated with alcohol dehydrogenase 

for various times. (1, 2, 3) Controls for 24, 48 and 60 hours 

respectively ; preincubation without antibiotics, streptomycin 

being added at the start of the reaction. (4, 5, 6) Apodehydro- 

genase preincubated with streptomycin at O°C. for 24, 48 and 

60 hr. respectively. (7) Without substrate. Experimental con- 
ditions as in Fig. 1. 


for the anti-bacterial action of streptomycin remains 
in doubt, probably it is not very important since the 
inhibition is slow. As far as we know no such experi- 
ments have hitherto been carried out with the 
streptomycin group of antibiotics. Streptomycin 
has even been used to remove impurities from some 
purification procedures for enzyme proteins‘ with 
little loss of their activity. 
A more detailed report of these experiments will be 
published elsewhere’®. 
K. MICHALSKA 
Department of Biochemistry, 
Tuberculosis Research Institute, 
Warsaw. 
June 17. 
1 Cohen, 8., J. Biol. Chem., 166, 393 (1946). Gros, F., Macheboeuf, M., 
Rybak, B., and Lacaille, P., Ann. Inst. Pasteur, 77, 246 (1949). 
De Deken-Grenson, M., Arch. intern. Physiol., 68, 256 (1955) ; 
Biochim. Biophys. Acta, 17, 157 (1955). 
* Michalska, K., (in the press). 
3 Racker, E., in Colowick, 8., and Kaplan N., 
mology’, 1, 500 (1955). 
* Lieberman, I., J. Biol. Chem., 223, 327 (1956). Cormier, M., and 
Novelli, G., Biochem. Biophys. Acta, 30, 135 (1958). 
> Michalska, K., GrvZlica (Tuberculosis) (in the press). 
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Colorimetric Estimation of Citric Acid 

A NUMBER of analyses have been developed!) 2) 3 
whereby citric acid can be estimated with varying 
degrees of sensitivity. Some! are usable for only 
small quantities of citric acid in solution, while 
others?» 3 possess a considerably wider range but are 
complicated either by reagents or by the sensitivity of 
the determination at the higher levels. For the most 
part these methods are difficult to handle and vary 
in their sensitivity from day to day. The method 
of Cartier and Pin, for example, can be used to 
determine reasonably wide ranges (100—1200yugm.) of 
citric acid; but the reagent used for the development 
of the colour reaction is light-sensitive and may 
interfere with the estimation. The methods of 
Natalson et al. and Buffa and Peters, on the other 
hand, are complicated by the fact that the reagent 
used to decolorize the permanganate (hydrogen 
peroxide) interferes with the colour reaction, and 
considerable care must be taken to remove all traces 
of it. 
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The present method is a modified combination of 
the methods of Natalson et al. and Cartier and Pin. 
The initial steps are essentially those of Cartier and 
Pin. Colour development is effected with the Natelson 
et al. thiourea reagent, which in our hands gave more 
consistent results than the colour reagent of Buffa 
and Peters or Cartier and Pin. 


Samples containing citric acid are deproteinized 
by the addition of an equal volume of cold 10 per cent 
irichloroacetic acid and subsequent centrifugation. 
An aliquot containing 0-1000 ygm. of citric 
acid is placed in a flask (a 50-ml., glass-stoppered, 
‘Pyrex’ volumetric was found to be well suited for 
this) and made up to 5 ml. with water. 1-5 ml. of 
concentrated sulphuric acid and 1 ml. of saturated 
bromine water are added and the flask placed in a 
100° C. water-bath for 10 min. It is then cooled in 
an ice bath to 0-4° C. and 1 ml. of 2 N bromide- 
bromate solution (42-88 gm. of sodium bromide+ 
12-58 gm. of sodium bromate dissolved in 250 ml. of 
water) is added and the mixture shaken vigorously. 
| ml. of 1-5N (47-1 gm./l.) potassium permanganate 
solution is added quickly and the solution again 
shaken vigorously, stoppered and allowed to stand 
at room temperature for 30 min. It is then cooled to 
(-4° C. in an ice bath and decolorized by the addition 
of 0-35 ml. of 10 N hydrazine sulphate solution 
(65 gm. hydrazine sulphate are dissolved in a 
minimum amount of saturated sodium bicarbonate 
and the solution made up to 250 ml. with water) 
followed by vigorous shaking until effervescence 
ceases and then dropwise addition with shaking after 
each drop until the solution is colourless. Over- 
addition of the decolorizing agent does not interfere 
with the reaction. 

After decolorization, has occurred, 15 ml. of 
cold n-heptane is added and the mixture shaken for 
5 min. on a reciprocal shaker (250 strokes per minute). 
The aqueous layer is discarded and 10 ml. of cold 
distilled water added. The mixture is shaken for an 
additional 3 min. 

After separation of the two layers (which occurs 
at once if deproteinization is complete) 4:0 ml. of 
the heptane layer is transferred to a large capped 
test-tube. Four per cent thiourea solution (2 gm. 
borax in 100 ml. of 4 per cent thiourea) is added 
according to the expected range of citric acid 
in the sample (for example, range 0-250 ugm. citric 
acid, 2:7 ml. of thiourea; 200-700 yugm., 8-0 ml. 
thiourea; 600-1000 ugm., 10-0 ml. thiourea) and 
shaken for 5 min. The aqueous layer is transferred 
to a cuvette and optical density determined using a 
420 mu filter. 

The sensitivity of the determination is about + 3 
per cent. 

We have found this method easy to perform and 
not prone to day-by-day variation, and suggest that 
this might be due to the use of a better oxidizing 
agent for decolorizing the permanganate. 


R. E. MAcDONALD 
W. E. WATERBURY 


Laboratory of Bacteriology, 
Cornell University, 
Ithaca, New York. June 19. 
Natelson, N. E., Pincus, J. B. and Lugovog, J. K., J. Biol. Chem., 
175, 745 (1948). 
‘ Cartier, D. and Pin, P., Bull. Soc. Chim. Biol., 31, 1176 (1949). 
Buffe, P. and Peters, R. N.. J. Physiol., 110, 488 (1949). 
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Specific Inhibition of Anti-Rh Serum by 
‘Unnatural’ Sugars 


LANDSTEINER’S technique of specific serological 
inhibition has recently given valuable information 
about the structure of the A, B, H mucopoly- 
saccharides.!2 It was reported by Hackel, Smolker 
and Fenske} that anti-Rh sera were specifically 
inhibited by a number of ribonucleic acid derivatives, 
suggesting that the Rh antigens are at least partly 
nucleotide in nature. 

We have found that agglutination of Rh-positive 
human erythrocytes by anti-D serum is weakly but 
apparently specifically inhibited by L-glucose, L- 
mannose or D-gulose. It is not inhibited by a variety 
of other monosaccharides, nor, in our hands, by the 
nucleic acid derivatives reported as inhibitory by 
Hackel, Smolker and Fenske. Inhibition by the 
above three monosaccharides is weak, sugar con- 
centrations of 0-1 or 0-2 molal being required; but we 
believe the phenomenon is real. 

These results, if they are confirmed, might indicate 
that the D-receptor of the Rh positive human red 
cell contains, possibly as the terminal unit of its 
active portion, one of the ‘unnatural’ hexoses, 
L-glucose, L-mannose or bD-gulose, or a sugar of 
similar configuration, or a derivative of one of them. 
This suggestion is strengthened by the fact that 
anti-D is inhibited also by streptomycin, a natural 
glycoside of N-methyl-t-glucosamine. If the D- 
receptor consists of several units, as the specific parts 
of the A and B antigens do!:?, some or all of them 
monosaccharide in nature, the weakness of the 
inhibition by any of the three monosaccharides alone 
is understandable, as is also the fact that strepto- 
mycin, in spite of the fact that in this molecule the 
N-methyl-t-glucosamine is linked to another carbo- 
hydrate residue, does not inhibit much more effect- 
ively, for the second residue (5-deoxy-3-formyl-L- 
lyxose) is scarcely likely to be much like the next-to- 
terminal unit of the D-receptor. The fact that 
rutinose (6—O-($-L-rhamnosyl)-D-glucose) is more 
than five times as effective as an inhibitor might 
suggest that the next-to-terminal unit in the D- 
receptor is D-glucose or a similar sugar. The likeli- 
hood that the terminal unit of rutinose, L-rhamnose, 
which has the same configuration as L-mannose, is the 
terminal unit of the D-receptor is diminished by the 
observation that the sugar rhamnose itself does not 
inhibit. 

The inhibitory power of rutinose for anti-D 
suggests the possibility that an antibody to this 
disaccharide might function as an anti-D of greater 
or less specificity. An antibody to streptomycin 
might however be easier to prepare. 

It may be worthy of note that the monosaccharides 
that inhibit anti-D all belong to the class of sugars 
which Makela,4 on the basis of their configuration at 
carbons 3 and 4, put into his group 4. The sugars of 
each of his four groups showed marked similarities 
in their inhibiting power for plant agglutinins (lectins), 
although the similarity, in the case of the fourth 
group, consisted merely in the fact that none of these 
sugars inhibited any of the plant agglutinins tested. 
This behaviour is consistent with the failure so far 
of workers in the field, including us, to find a D- 
specific plant agglutinin. s 

The inhibition behaviour of anti-C and anti-H is 
apparently more complex. Anti-E seems to be 
inhibited by sugars of group 3, less well by sugars of 
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group 4, and possibly by some of group 2. Anti-C si 
inhibited, weakly, by .L-glucose alone of the mono- 
saccharides we have tried. Anti-C and anti-H are 
both inhibited (less strongly than is anti-D) by 
streptomycin and rutinose, whereas we have not 
found these latter two compounds to inhibit anti-A, 
anti-B, anti-M or anti-N. We would suggest ten- 
tatively that both C and E receptors may contain a 
sugar of Makeli’s group 4 as a (non-terminal) unit, 
and that the terminal unit of the active portion of Z 
may be a sugar of group 3. We can not at present 
identify the terminal unit of C. 

This work was supported by a research grant 
(H-1076(C6)) from the National Heart Institute, a 
research grant (RG-4704(C2)) from the National 
Institutes of Health, U.S. Public Health Service, and 
a research grant (NSF G-5131) from the National 
Science Foundation. 

Wituram C. Boyp 

MarsoriE H. McMaster 

EUGENIA WASZCZENKO-ZACHARCZENKO 

Department of Immunochemistry, 
Boston University School of Medicine, 
Boston, 18, 
Mass. 
June 19. 


1 Morgan, W. T. J., Naturiiss., 46, 181 (1959). 

2 Kabat, E. A., “Blood Group Substances.” 
1956). 

3 Hackel, E., Smolker, R. E., and Fenske, S. A., Vor Sang., 3, 402 
(1958). 

“Makela, O. “Studies in Hemagglutinins of Leguminosae Seeds.” 
(Helsinki, 1957). Cf. Boyd, W. C., Green, D. M., Fujinaga, D. M., 
Drabik, J. 8., and Waszezenko—Zacharczenko, E.. Vox Sang. 
(in the press). 

‘Boyd, W. C., Everhart, D. L., and McMaster, M. H., J. Immunol., 
81, 414 (1958). 
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Glutamic Dehydrogenase of Mung Bean 
Mitochondria 


GuiutTamic dehydrogenase has been demonstrated 
in several higher plants! and is associated with mito- 
chondria of pea? and oat’. Mitochondria isolated 
from mung bean (Phaseolus aureus) seedlings’ were 
found capable of oxidizing glutamic acid (90 ul. 
oxygen/hr./mgm. (nitrogen). The assay of glutamic 
dehydrogenase in intact mitochondria is limited by a 
permeability barrier to pyridine nucleotides. Reduced 
diphosphopyridine nucleotide was oxidized by mito- 
chondria suspended in 0-2 M sucrose, 0:05 M phos- 
phate buffer, pH 7-4 (change in optical density at 
340 my of 0-1 in 4 min.) and the addition of 0-1 per 
cent (v/v) of a non-ionic detergent, O.P.C. 45 (Petro- 
chemicals Ltd., London) increased the oxidation rate 
by 240 per cent. The suspension of mitochondria was 
immediately clarified by the addition of O.P.C. 45, 
To assay glutamic dehydrogenase, intact mito- 
chondria were broken by exposure to 0-1 per cent 
O.P.C. 45 at O°C. and immediately centrifuged for 
30 min. at 20,000 g. The supernatant was assayed 
for glutamic dehydrogenase using the system: 
0-02 M potassium glutamate, 0-05 M phosphate 
buffer, pH 7-4 and 0-0001 di- or tri-phosphopyridine 
nucleotide and measuring reduction of the nucleotides 
at 340 my. The glutamic dehydrogenase activity 
released by this method accounted for all the glutamic 
acid oxidase activity of the whole mitochondria. 
Freezing and thawing the mitochondria suspended in 
0-1 M potassium bicarbonate®, released 61 per cent 
of total soluble glutamic dehydrogenase. Incubation 
of the potassium bicarbonate extract with 0-1 per cent 
O.P.C. 45 for 1 hr. at 0°C. was not found to inhibit the 
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activity of glutamic dehydrogenase. Glutamic de- 
hydrogenase reduced diphosphopyridine nucleotide 
four times as rapidly as it reduced triphosphopyridine 
nucleotide. Dual specificity may be due to the 
presence of a transhydrogenase which has been 
demonstrated in pea mitochondria*. Reduced di- 
phosphopyridine nucleotide produced by glutamic 
dehydrogenase and glutamic acid was oxidised on the 
addition of «-ketoglutarate or ammonium chloride, 
indicating the reversibility of the system. 


Rautanen and Tager* found glutamic dehydro- 
genase activity in the mitochondrial and supernatant 
fractions of oat coleoptiles. The presence of glutamic 
dehydrogenase in the supernatant fraction may have 
been due to the leaching of mitochondria by the pre- 
parative media. Mung bean mitochondria suspended 
in 0-2 M sucrose, 0:05 M phosphate buffer, pH 7-4, 
0-005 ethylenediamine tetracetate for 30 min, at 
0°C. were found to have lost 34 per cent of the total 
soluble glutamic dehydrogenase. This is one of the 
difficulties in determining intracellular localization of 
enzymes. In the case of mung bean, homogenates 
contain large amounts of free amino-acids which 
render the spectrophotometric assay of glutamic 
dehydrogenase impossible. An experiment to over- 
come these assay conditions involved the degradation 
of glutamic acid uniformly labelled with carbon-14. 


TABLE 1. 
Glutamate- +4*CO, Initial Conversion of 
U-«4C formed glutamate- glutamate-U- 
System utilized * t U-'*C used 44C to **CO, 
(umole/hr./ml. of 
homogenate) (per cent) 
Homogenate 1:31 0-16 40 2-4 
Mitochondria 3°58 0-66 72 3-7 


Homogenate incubated with 0-2 M sucrose, 0-05 M phosphate 
buffer, pH 7:4, 0:005 M disodium ethylenediamine tetracetate, 
0-01 M magnesium sulphate, 5 x 10-* M adenosine triphosphate and 
tracer glutamate-U-'*C (500,000 ¢.p.m.). Mitochondria incubated 
under same conditions as homogenate, except 0-02 M potassium 
glutamate was present. Total volume in both cases was 2-0 ml. 
Duration of experiment, 1 hr. ; temperature, 30°C. 

* Glutamate-U-'*C measured using glutamic 
Clostridium welchii (ref. 6). 

t ‘*CO, trapped in 2 M sodium hydroxide and assayed (ref. 7). 


decarboxylase of 


Results are given in Table 1. The mitochondria can 
utilize glutamic acid more effectively than can the 
homogenate, which suggests that the homogenate 
contains an inhibitor of glutamic acid degradation or 
that glutamic acid cannot be oxidized because other 
substrates effectively compete for the electron trans- 
port system. The latter state probably does exist in 
homogenates as the addition of glutamic acid to an 
homogenate preparation does not stimulate oxygen 
uptake. Glutamic dehydrogenase appears to be 
associated with the mitochondrial fraction and the 
presence of the enzyme of other fractions seems likely 
to be due to the method of preparation. 
D. H. Bonr* 
Botany Department, 
University College, 
Gower Street, 

London, W.C.1. 

Research 


* Present address: Microbiology Research Institute, 


Branch, Department of Agriculture, Ottawa. 

1 Bonner, J., ‘Plant Biochemistry’ (Academic Press, New York, 1950). 

2 Davies, D. D., Exp. Bot., 7, 203 (1956). 

3 Rautanen, N., and Tager, J. M., Ann. Acad. Sci. Fenn., A, II, 60, 
241 (1955). 

* Bone, D. H., Plant Physiol., 34, 171 (1959). 

5 Millerd, A., and Bonner, J., Arch. Biochem. Biophys., 49, 343 (1954). 

* Krebs, H. A., Biochem. J., 43, 51 (1948). 

7 Moses, V., J. Gen. Microbiol., 16, 534 (1957). 
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ANIMAL PHYSIOLOGY 


Mechanism of the Antidiuretic Effect of 
Vasopressin 


Ir has been said that the antidiuretic effect of 
vasopressin, one of the posterior pituitary hormones, 
is based on accelerated re-absorption of water in the 
renal tubules. 

S. Itoh reported that the intracellular concentration 
of chloride is reduced when ‘Pitressin’ (posterior 
pituitary extracts) is added to a suspension of red 
blood cells!. This chloride shift, of course, depends 
on the carbonic anhydrase activity in red blood cells. 

I have examined manometrically the effect of 
posterior pituitary extracts (Pharm. Japonica) on the 
enzyme activity. Enzymes were extracted by 
chloroform and ethanol from cow’s red blood cells 
by Roughton’s method?. M/5_ sodium bicar- 
bonate which was dissolved in N/50 sodium hydroxide, 
and diluted 4 times with physiological saline, was 
used as substrate. As inhibitor of the enzyme 
1-0 mgm./ml. solution of acetazolamide was used. 
Conditions of the experiment are given in Table 1. 

TABLE 1 
Main compartment of A B Cc D 
Warburg’s flasks: 
Enzyme 





(mgm.) 10 10 10 10 
1-4 1-4 : 


M/5-Phosphate buffer (pH 6-8) (ml.) “4 1 
Inhibitor (ml.) _— 0-2 0-2 
Posterior pituitary extract 
(5 mgm./ml.) (ml.) — - 0-2 0-2 
Distilled water (ml.) 0-4 0-2 0-2 - 
Sidearm: 
Substrate (ml.) 0-2 0-2 0-2 0-2 


mi. 

}xperiments were performed in air at 10°C. 

Results are shown in Figs. 1 and 2. Fig. 2 shows 
each reaction speed by the finite difference method. 
It was noted that there was marked activation of the 
reaction caused by posterior pituitary extract. 

The activators of the enzyme, however, are not yet 
lefinitely known’. Certain amino-acids, peptides 














100 
> 50 
A rn 1. i 1 L i 
2 4 6 8 
Time (min.) 
Fig. 1. O-——O, Posterior pituitary extract added; e——e, 


basic reaction ; , inhibition. 
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0 50 100 
Q CO, (ul.) 
Fig. 2. C —Q, Posterior pituitary extract added; e——e, 


basic reaction ; @©——6, inhibition. 


and various tissue extracts are listed’; but there are 
many objections to these activators®. 

The results do not indicate clearly whether the 
activation of carbonic anhydrase, strictly speaking, 
is due to vasopressin or some impurities ; but in my 
opinion the net mechanism of acceleration of re- 
absorption of water in renal tubules by vasopressin 
can be ascribed to the activation of this enzyme 
occurring in the tubule cells. 

Tsutomu KASHIWAGI 
Department of Physical Therapy and 
Internal Medicine, 

School of Medicine, 

University of Tokyo. 
1 Itoh, S., from Torii, T., Saishin Igaku, 8, 999 (1953). 
2 Roughton, F. J. W., Ergeb. Enzymforsch., 3, 289 (1934). 
3 Roughton, F. J. W., and Clark, A. M., ‘The Enzymes’, ed. Sumner, 

J. B., and Myrbaeck, K., 1, 1250 (1951). 

* Leiner, M., Biol. Zentr., 64, 324 (1944). 
5 Kiese, M., Biochem. Z., 307, 267 (1942). 


Intravascular and Intracardiac Blood Velocity 
Patterns recorded by means of NTC Resistors 


NTC resistors (‘thermistors’) can be used for 
measuring intravascular blood  flow?»?, The 


thermistor is heated by an electric current and cooled 
by the flowing blood. So its temperature is a function 
of the blood flow rate in its immediate environment, 
and since the thermistor’s electric resistance increases 
some 5 per cent for a temperature drop of 1°C., resist- 
ance measurement provides a fairly sensitive method 
for the determination of flow. Mounting very small 
NTC beads in a ecardiae catheter, Delaunois* suc- 
ceeded in recording the blood flow in the large vessels 
without opening the thorax. An NTC bead, having 
a diameter of 0-5 mm. was placed in a small cavity 
made in the side wall of a catheter near the tip and 
fixed with a plastic cement. The quantitative deter- 
mination of flow rates by this method has not yet 
been entirely successful because of several difficulties, 
such as the large influence of small blood temperature 
variations and the complicated calibration procedure. 

We used thermistor catheters of the Delaunois type 
for recording velocity patterns rather than for 
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Fig. 1. Simultaneously recorded pressure and thermistor curves 


of the right atrium. 


measuring flow rates in the heart and large vessels. 
The dynamic response characteristics of the thermistor 
catheter had to be considerably improved in order to 
make it suitable for recording the rapid changes in 
flow occurring during the cardiac cycle. 

A vitreous-enamel-covered NT'C bead (Philips 
B 8 320 02P/1K) with platinum alloy terminals was 
embedded in a special type of nitrocellulose lacquer 
in a small lateral cavity about 5 mm. from the 
(occluded) catheter tip. After hardening of the 
lacquer, the catheter was placed under a metallurgical 
microscope and lacquer was removed from the bead 
with a dental drill, as far as this was compatible with 
adequate insulation of the terminals. Insulated 
copper wires connected the thermistor terminals 
through the catheter lumen to the recording apparatus. 
By this method we obtained thermistor catheters 
with very small thermal inertia and time lag. 

The thermistor (resistance about 1000 ohms at 
25°C.) was connected as one arm in a Wheatstone 
bridge with an applied voltage of 8 V. (d.c.). The 
bridge output was fed into a Sanborn 150-1600 
general purpose pre-amplifier connected to a 150 M 
four-channel recording system. Together with the 
thermistor curve were recorded the electrocardiogram, 
the phonocardiogram or respiratory movements and 
the intravascular pressure by means of a Statham 
P23Db transducer. Simultaneous pressure and 
thermistor curves were thus obtained from the ven 
cave, the cardiac chambers, the pulmonary artery 
and the aorta of anesthetized dogs. Fig. 1 shows 
curves recorded with the pressure and thermistor 
catheters in the right atrium near the atrioventricular 
valve. The thermistor curve shows a rather steep rise 
beginning about 0-02 sec. after the top of the V wave 
of the pressure curve. At this moment the tricuspid 
valve opens and passive filling of the right ventricle 
starts. The corresponding i increase in flow velocity is 
followed by a further rise due to the atrial systole. 
Early in the ventricular systole the thermistor curve 
reaches its maximum. A notch is usually observed in 


the descending limb, synchronous with the AV notch 
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of the pressure tracing, indicating the closure of the | 
During inspiration the increase of 


tricuspid valve. 
the negative intrathoracic pressure causes an in- 
creased flow, which is reflected in an upward displace- 
ment of the thermistor curve. Moreover the ascending 
limb then extends further into the ventricular systole, 
so that the notch, which remains synchronous with 
the AV peak of the pressure curve, is then located on 
this part of the curve. 

In the latest experiments a double lumen catheter 
has been successfully used ; one lumen contained the 
thermistor wires, whereas the other was used for 
pressure measurement and cuvette oximetry. A 
series of experiments is now in progress to establish 
the normal velocity patterns at different sites in the 
cardiovascular system and to get some insight into the 
changes which may occur in disease. 
valvular incompetence and _ intracardiac shunts 
characteristic blood velocity patterns may be expected. 
In our opinion thermistor catheters cf the construc- 
tion described may become a valuable tool in physio- 
logical research and in the diagnosis of heart disease. 

W. G. ZigLsTRA 
J. R. BRUNSTING 
Department of Physiology, 
L. B. v.d. SLIKKE 
Department of Medicine, 
University of Groningen, 
The Netherlands. 
June 19. 
Felix, W 208 (1953). 
* Felix, W., 
' Delaunois, A. L., 
(1956). 


., and Groll, H., Z. Biol., 106, 
Z. Biol., 108, 121 (1955). 


20th Internat. Physiol. Congress, Brussels, p. 228 


Assessment of the Phagocytic Activity of the 
Macrophage System 


In 1953 Biozzi, Benacerraf and Halpern reported a 
technique for assessment of the phagocytic activity 
of the macrophage (reticulo-endothelial) system 
involving the introduction of a known quantity of 
particulate carbon into the circulation and the 
recording of its disappearance over a period of time. 
Serial samples of blood were removed from the retro- 
orbital plexus of the experimental animal as previously 
deseribed by Halpern and Pacaud?, and the con- 
centration of carbon in each sample was measured by 
means of an absorptiometer. The logarithmic value 
of each of the absorptiometer readings was plotted 
against the time of removal of the sample, and the 
slope of the line in closest relationship to these 
successive points was taken to indicate the rate of 
uptake of particulate carbon by the cells of the 
macrophage system. 

The method we now report is a modification of the 
technique described above. The retro-orbital plexus 
puncture® has been discarded, and the measurement 
of the concentration of carbon in serial blood samples 
has been replaced by a direct continuous recording 
of the variations in concentration of circulating carbon. 
The experimental animal is immobilized either in a 
close-fitting cage, harness or by anesthesia. <A 
relatively translucent but vascular part of the animal 
is maintained in the pathway of a specially con- 
structed light absorptiometer (Fig. 1). A sensitive 
meter or recording instrument is brought to zero 
reading after which a specific amount of particulate 
carbon suspension is injected intravenously. Changes 
in the meter reading are then observed and recorded 
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Apparatus for assessing concentration of circulating 
carbon. A, 12-V. lamp; 8, quartz rod ; C, locking nut ; D, iris 
diaphragm: FE, adjustable space for holding animal part ; 
F, spectrum filter; G, sealed photocell: H, sensitive micro- 
ammeter. 


Fig. 1. 


during the presence of carbon in the circulation of 
he animal. 

The apparatus consists of a light absorptiometer so 

designed as to hold a small and relatively translucent 


art of an animal (ear, tongue, skin-web, tail, 
mentum). Modification of this system to suit 


variations in size and shape of the part to be exposed 
‘an be made without difficulty. The light source is 
adjustable for distance and intensity by means of a 
sliding-sleeve mechanism and a variable transformer. 
(he diameter of the beam is regulated by means of a 
camera iris diaphragm. A quartz rod is introduced 
50 as to channel the beam of light and to maintain the 
lamp at a distance from the animal in order to avoid 
direct heating effects. A sensitive microammeter is 
connected to a sealed photoelectric cell shielded by a 
spectrum filter. 
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Fig. 2. Density recording of variations in blood carbon 


concentration. 


Fig. 2 shows a typical recording obtained following 
the introduction of particulate carbon into the cir- 
culation of a rabbit via an ear vein. The opposite ear 
was connected into the light absorptiometer system 
and recordings made at timed intervals. 

We are indebted to Prof. J. W. A. Duckworth for 
giving us facilities to carry out this work, and to 
Mr. T. F. A. Brock for technical assistance. We 
gratefully acknowledge support from the National 
Research Council of Canada. 

D. L. J. BILBEY 
H. SALEM 
Department of Anatomy, 
Faculty of Medicine, 
University of Toronto. 
June 2. 
? Biozzi, G., Benacerraf, B., and Halpern, B. N., Brit. J. Exp. Path., 


34, 441 (1953). 
? Halpern, B. N., and Pacaud, A., C.R. Soc. Biol., 145, 1465 (1951). 
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Thermoregulatory Heat Production in the 


Brain 
THE increase in the metabolic rate elicited in 
homoiothermal animals by exposure to cold is 
attributed by many investigators exclusively to 


striated muscle. According to others the liver and 
intestine have also to be considered as a source of 
extra heat, but only a few stress the importance of 
these viscera!:?. The participation of the brain in 
chemical thermoregulation has apparently not been 
investigated. 

Copper-constantan thermocouples were introduced 
into rats under light urethane anesthesia (0-06 gm. 
per 100 gm. body-weight). (1) Into the brain just 
behind the coronary suture in the direction of the 
diencephalon at depths of 7 mm. (Brain,) and 1 mm. 
(Brain,) respectively ; (2) into the colon 6 em. from 
the anus; (3) into the lumbar musculature; (4) 
into the subcutaneous tissue above the cranium ; and 
in most cases also into the subcutaneous tissue of the 
back. The rats were placed into a copper chamber, 
the temperature of which was maintained by a water- 
bath at about 31°C. The experiment proper was 
begun about an hour and a half later, oxygen con- 
sumption and body temperatures being recorded 
every minute*, The environmental temperature was 
changed abruptly by transfering the respiratory 
chamber to a water-bath at 18—20°C., and vice versa, 
several times in the course of the experiment. 

Fig. 1, representing a typical response to cold, was 
taken from an experiment in which a total of six 
similar responses were obtained in the course of 
12 hours. The stabilization of brain temperature 
coincides with. the rise in oxygen consumption, 
whereas temperatures at other sites still continue to 
decline, colonic temperature falling well below brain 
temperature. The temperature of arterial blood 
being always lower than colonic temperature, an 
increase in blood flow could only decrease, and never 
increase the temperature difference between the 
arterial blood and the brain if heat production in the 
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Fig. 1. Effect of exposure to cold on oxygen consumption and on 


temperatures at various sites in the body of the rat. 











994 


latter remained unaltered. The crossing of the brain 
and the colonic temperature curves therefore indicates 
a local increase in heat production, originating most 
probably in the neuroglia. 
A detailed account of this work will be published 
elsewhere. 
Sz. DONHOFFER 
Gy. SZEGVARI 
I. JARAI 
M. FarKAS 
Institute of Pathophysiology, 
The University, 
Pecs, Hungary. 
June 18. 
1 Fedorov, N. A., and Shur, E. I., Amer. J. Physiol., 137, 30 (1942). 
2 Donhoffer, Sz., Szegvari, Gy., Varga-Nagy, I., and Jarai, I., Pfliigers 
Arch. ges. Physiol., 265, 104 (1957). 
? Donhoffer, Sz., Szegvari, Gy., Varga-Nagy, I., Jarai, I., and 
Haug-Laszl6, 4., Acta physiol. Acad. Sci. Hung., 13, 37 (1957). 


Thiosulphate Metabolism in the Animal 
Organism 


THE occurrence of thiosulphate in animal urine was 
demonstrated by Schmiedeberg! long ago, and 
Nyiri? and Pirie* showed that this substance is 
capable of being oxidized into sulphate by animal 
tissues. So far there has been a lack of more accurate 
details on the endogenic synthesis and the mechanism 
of oxidation of thiosulphate in the animal organism; 
but recently some light seems to have been thrown on 
the subject by the work of Sérbo.4 

In the course of work on the process of oxidation 
of thiosulphate by the autotrophic micro-organism 
Thiobacillus thioparus,> we came to the conclusion 
that only the outer sulphur atom of thiosulphate is 
directly metabolized and oxidized. It reacts with 
some unknown receptor forming a compound of the 
type X—S—SO3. The hydrolysis of the binding 
between the two sulphur atoms in this compound 
leads in turn to the formation of sulphate from the 
inner sulphur, while the outer sulphur atom undergoes 
further metabolism. 

In the light of these facts we considered whether 
thiosulphate in the animal body may not be similarly 
metabolized. In order to examine this, rats were 
injected subcutaneously or intraperitoneally with 
thiosulphate labelled with sulphur—35 in the outer or 
inner position. The urine and feces of the animals 
were collected quantitatively at determined intervals 
of time. The total amount of sulphur, the sulphur 
in the thiosulphate and the sulphate in the urine were 
determined, and the specific activity of these three 
forms of sulphur was estimated. It should be 
mentioned that the radioactive sulphur excreted 
with the fzeces under these conditions was insignifi- 
cant and we therefore neglected it in our calculations. 

Table 1 shows the percentage of radioactivity 
introduced in the form of isotopic sulphur excreted 
in the urine. If the radioactivity represented an 
inner atom of thiosulphate, the quantity of radio- 
activity excreted after 24 hr. reached a value of 
98 per cent. When thiosulphate was labelled in the 
outer position, only about 60 per cent of the activity 
was excreted during the first 24 hr., and even after 
120 hr. had elapsed a considerable percentage of 
activity still remained in the organism. We have 
therefore ascertained that the biological half-life 
time of both atoms of sulphur in thiosulphate in the 
animal organism is different and that it is markedly 
longer for the outer atom of sulphur. 
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Table 1. THE EXCRETION OF RADIOACTIVE SULPHUR FROM THIOSUL- 
PHATE IN RAT URINE AFTER SUBCUTANEOUS INJECTION OF 100 MGM. 
Na,8,0;.5H,0/100 GM. BODY-WEIGHT 


Percentage of the dose 
Time after 


injection (35S-SO 3)= (S- 35803) = 
(hr.) 
Range Average Range -Average 
0-6 36-2-67°5 48-2 61-6-97-5 85 
6-24 4-6-19-7 10-1 5-6-34-6 13 
24-48 0-4— 2-8 1-1 0-6- 2-1 1‘5 
48-72 0-3- 1:3 0-7 0-3- 1-4 0-8 
72-96 0-3- 1:2 0-6 0-2- 0-7 0-4 
96-120 0-2- 1-1 0-4 0-01- 0-9 0-3 
Table 2. THE EXCRETION OF THIOSULPHATE IN RAT URINE AFTER 


SUBCUTANEOUS INJECTION OF 100 MGM. Na2S203.5H20/100 GM. 
BODY-WEIGHT 


: mgm. mgm. Percent of | Percent of 
Time Range Average the dose the dose 
(hr.) range average 
0-6 36-8-63°5 48-8 18-4-31-7 24-4 
6-24 2-3- 6:5 4-2 1-1- 3:2 2-1 
24-48 0-2- 0-4 0-3 normal normal 
Table 3. PERCENTAGE OF METABOLIZED LABELLED SULPHUR (THE 


AMOUNT INJECTED MINUS EXCRECTED AS UNCHANGED 
THIOSULPHATE) IN EXCRECTED SULPHATE 


358 outer (35S-SO 3) = *8S inner (S— 35SO03)= 





Time Range Average Range Average 

(hr.) 

0-6 7-3-19-2 14-7 53-1-97 81-7 

6-24 4-2-22-2 11-4 3-0-42-5 16:8 
Total 26-1 98-5 


Table 2 shows the quantity of thiosulphate excreted 
with the urine during the experiments already 
mentioned. The increased quantity of thiosulphate 
appears in the urine only during the first 24 hr. after 
the preparation has been administered. This is 
interpreted to mean that these are molecules of 
thiosulphate, which in general do not enter into the 
metabolic process. During the first 24 hr., 20-28 
per cent of the thiosulphate is excreted with the urine, 
while the rest is metabolized. Sulphates are formed 
from the metabolized sulphur, but at rates different 
from the two sulphur atoms of thiosulphate. 

Table 3 gives the percentage of radioactivity of 
metabolized sulphur in the sulphate excreted in the 
urine. It follows from this that during the first 
6 hr., only about 17 per cent of metabolized outer 
sulphur is oxidized to sulphate, but about 85 per 
cent of the inner sulphur. After 24 hr., about 98 per 
cent of the metabolized inner sulphur, but only 46 
per cent of the outer sulphur of the thiosulphate has 
been excreted in the form of sulphate. 

As may be seen from these data, the fates of the two 
sulphur atoms in the processes of thiosulphate 
metabolism in the animal organism take different 
paths. In principle, only the outer sulphur atom 
enters into tissue metabolism. There is therefore an 
analogy with the observations which we carried out 
using Th. thioparus to oxidize thiosulphate. The 
ability of the animal organism to transform a con- 
siderable quantity of thiosulphate and the high rate 
at which this substance is metabolized suggest that 
thiosulphate may be an important metabolite and 
therefore the mechanism proposed by Sérbo4 may 
play a significant part in sulphur metabolism. 

It follows from our investigations that the sulphite 
group of thiosulphate is very quickly and completely 
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»xxcreted as sulphate. This would at the same time 
ndicate a mechanism of sulphate formation via a 
hiosulphate stage. 
BoLESLAW SKARZYNSKI 
TapEusz W. SzczEPKOWSKI 
MrirRosLAawA WEBER 
Department of Physiological Chemistry, 
Medical Academy, 
Cracow. 
June 19. 
Schmiedeberg, O., Arch. Heilk., 8, 422 (1867). 
Nyiri, W., Biochem. Z., 141, 160 (1923). 
Pirie, N. W., Biochem. J., 23, 1063 (1924). 
4Sirbo, B., Biochim. Biophys. Acta, 24, 324 (1957). 
5Skarzvnski B., Ostrowski, W., Krawezyk, A., Bull. de l’Acad. 
Polonaise S*i., Cl. I, 5. 159 (1957). Ostrowski, W., Krawczyk, 
A., Acta B'ochim. Polonica, 4, 249 (1957). Skarzynski, B., 
O3trowski, W., Nature, 132, 933 (1958). Ostrowski, W., Skar- 
zya3ki, B., Szczepkowski, T. W., Nukleonika, 3, 85 (1958). 
Skarzynski, B., Szczepkowski, T. W., Nature, 183, 1413 (1959). 


PLANT PHYSIOLOGY 


Role of the Anion in Magnesium Uptake from 
Foliar Applications of its Salts on Apple 


DuRInG recent work on uptake of magnesium from 
foliar applications of its salts, the findings of Fisher 
and Walker!, that apple leaves take up magnesium 
more rapidly from the nitrate and chloride than from 
the sulphate, were confirmed, and an explanation of 
this differential behaviour is proposed as follows. 

Table 1 shows the results of an experiment in which 
leaves were momentarily dipped in M/10 solutions of 
the three salts and the amount of magnesium applied 
to the leaves, as well as their subsequent magnesium 
content, determined. It shows that the whole increase 
in leaf magnesium content brought about by the 
chloride or nitrate solutions occurred within 2 hr., but 
that, in the case of the sulphate, a significant increase 
within two hours (P <0°05) was followed by a further 
significant increase overnight (P <0°05). In each case 
the total increase in magnesium content up to 22 hr. 
represents about 50-60 per cent of the magnesium 
deposited on the leaf, the latter being substantially 
the same for each of the three salts. These observa- 
tions conform with our general experience that 
although magnesium is usually taken up from 
chloride or nitrate applications on the day they are 
made, with the sulphate this usually occurs during the 
following night, although it can also be taken up on 
the day that it is applied, as in the present instance 
(Table 1); and in one experiment, magnesium was not 
taken up from this salt over a period of 48 hr. 

Fig. 1 shows the magnesium content of detached 
apple leaves which, in contrast, were left immersed in 
M/10 solutions of one of the three salts for various 
times, and it will be seen that here the rate at which 
magnesium was taken up was independent of the 
anion. It is therefore reasonable to suppose that when 
leaves were momentarily dipped in a M/10 solution 
the initial rate at which magnesium was taken up was 
the same for all three salts; and since we have already 
shown that the same amount of magnesium was 
deposited on the leaves as a result of such treatments 
it would appear that the observed differences in rate 
of uptake which occurred when leaves were momen- 
tarily dipped must be due to differences in the 
physical nature of the deposits left behind on them. 

A possibly relevant difference is that the chloride 
and nitrate are normally deliquescent, whilst the 
sulphate is not. A consideration of the relative 
humidities quoted in Table 1 shows that, in this 
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Magnesium content dry wt. (per cent) 











10 20 30 40 
Time (Min.) 


Fig. 1.—The magnesium content of leaves immersed for various times 
in M/;0 solutions of three salts. +, nitrate; o, chloride; A, sulphate. 


Table 1. DEPOSITION AND UPTAKE OF MAGNESIUM IN LEAVES APTER 
DIPPING IN M/10 SOLUTIONS OF THREE SALTS 
Magnesium Magnesium content per leaf (per cent dry wt.) 


salt used Magnesium within the leaf at: 


11.20 hr. 13.20 hr. 9.20 hr. Initial 

just prior onthe day onthe next superficial 

te dipping of dipping morning deposit 
Sulphate 0-08 0-15 0-20 0-27 
Nitrate 0-08 0-24 0-23 0.24 
Chloride 0:09 0-24 0-25 0-23 
None 0-07 0-08 0-09 — 
Relative 72 56 96 — 
humidity(%) 


experiment, deposits of the chloride or nitrate, which 
are. deliquescent over this humidity-range, were 
likely to have remained in solution on the leaf surface 
over the period, but that deposits of the sulphate, 
which crystallize out at relative humidities below 
82 per cent, would have dried out, and only been 
brought into solution again overnight. Assuming 
therefore that magnesium is only taken up by the 
leaf from solution, entry from the sulphate would in 
this instance have been halted in the morning, and 
resumed when the relative humidity exceeded 82 
per cent, during the night. The nature of the deposit 
as determined by the humidity of the atmosphere 
would therefore appear to be decisive in the uptake 
of magnesium by apple leaves. 

It is suggested that these findings have an im- 
mediate importance in relation to the practice of 
applying foliar sprays of magnesium salts in attempts 
to remedy the widespread and economically serious 
deficiences of magnesium occurring in apple orchards. 

A detailed account of this work will be published 
elsewhere. 

M. ALLEN 
Plant Protective Chemistry Section, 
East Malling Research Station, 
Nr. Maidstone, Kent. 


Fisher. #. G., and Walker, D. R., Proe. Amer. Soc. Hort. Sci., 65, 
17 (1955). 
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Nature of the Olefines produced by Apples 


StncE Gane! identified ethylene as a_ volatile 
product of ripening apples, other workers?-* have 
demonstrated its production by other fruits, leaves 
and the fungus Penicillium digitatum. The identifica- 
tion by conversion to ethylene dibromide and then 
to the crystalline substance NN’-diphenylethylene- 
diamine established ethylene as the predominant 
olefine, but did not specifically exclude higher homo- 
logues the derivatives of which could be lost during 
crystallization of the main product. As the volatile 
emanations of apples include a series of acids and 
alcohols with one to six carbon atoms®-’, the absence 
of a corresponding series in the olefines cannot be 
accepted without rigorous proof. 


Ethylene given off by Granny Smith apples at 
5° C. was absorbed in an ice-cooled 0:25 M solution 
of mercuric perchlorate in 2 M perchloric acid’. The 
ethylene was regenerated with lithium chloride and 
collected over a saturated lithium chloride solution. 
After removal of polar substances by successive treat- 
ments with sodium bisulphite, sodium hydroxide 
and calcium chloride solutions, the ethylene was sub- 
mitted to mass spectrometric analysis. The sample 
was found free of higher olefines, the limit of detection 
being 0-1 per cent of the ethylene. Afterwards, 
another sample of ethylene was collected from apples 
at room temperature (18—22°C.), and the same result 
obtained. From an artificial mixture of ethylene 
(97 per cent), propylene (2 per cent) and 1-hexane 
(1 per cent) subjected to the above procedure, three- 
quarters of the propylene was recovered but only 
one-fifth of the 1-hexene. The absence of propylene 
within the limit of detection was established, but 
the presence of significant amounts of other olefines 
was. left in doubt. 


Further tests were made by gas chromatography. 
The ethylene produced by apples at 12—18° C. was 
absorbed and liberated as before, but further chemical 
treatment was found necessary, as polar substances 
were relatively retarded on a tricresyl phosphate 
column and did not interfere with the detection of 
olefines up to hexene. When 10-20 ml. of ethylene 
from apples was introduced into the carrier gas, a 
large ethylene peak occurred about 20 sec. later. The 
base-line then became perfectly stable with no 
subsequent peaks for a total period of 30 min. The 
analysis was carried out at 20°C. on a l-m. column 
of 6 mm. cross-section, composed of 20 per cent 
tricresyl phosphate on 40-60 mesh C-22 firebrick. 
Nitrogen as carrier gas at a rate of flow of 40 ml./min. 
and a thermal conductivity detector were used. 
When propylene was added to pure ethylene, it was 
completely recovered after absorption and liberation, 
and could be detected in a concentration of 0-1 per 
cent by volume. The propylene peak occurred at 
1 min. 1-Hexene mixed with ethylene at a partial 
pressure of 1 per cent was absorbed and held for 
4 days at 0°C. to simulate the collection period of 
the apple ethylene. The regenerated gas gave a 
hexene peak at 15 min. which indicated more than 
90 per cent recovery and was at least ten times the 
limit of detection. Hence 0-1 per cent of 1-hexene 


would have been detected in the apple ethylene. 
Tests with 2-pentene gave only 20 per cent recovery, 
but still gave a peak at 7} min. which indicated 
that about 0-2 per cent could be detected in apple 
ethylene. 
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It seems reasonably established that normal 
olefines from propylene to hexene cannot be present 
in proportions which exceed one part of higher 
olefine to 1,000 parts of ethylene. All unsaturated 
hydrocarbons cannot be excluded, as those with 
branched chains or more than one double bond may 
be more labile and hence not regenerated with the 
ethylene. Gas chromatography of a low-temperature 
condensate gave no evidence of saturated hydro- 
carbons. 


These results raise afresh the problem of the 


biogenesis of ethylene in relation to other aspects of 


plant metabolism. Either the precursor is as free 
from homologues as the ethylene itself, or the 
ethylene-producing system is sufficiently specific to 
exclude them. 


We are indebted to Dr. J. D. Morrison and Dr. F. 
Dorman, Commonwealth Scientific and Industrial 
Research Organization, Division of Chemical Physics, 
for mass spectrometric analysis. 

F. E. HUELIN 


B. H. KENNETT 
Division of Food Preservation, 
Commonwealth Scientific and 

Industrial Research Organization, 

Homebush, New South Wales. 


1Gane, R., J. Pom. Hort. Sci., 13, 351 (1935). 

* Biale, J. B., Young, R. E., and Olmstead, A. J., 
29, 168 (1954). 

> Pratt, H. K., Plant Physiol., 29, 16 (1954). 

* Young, R. E., Pratt, H. K., and Biale, J. B., Plant Physiol., 26, 304 
(1951). 

* Thompson, A. R., Austral. J. Sci. Res., B, 4, 283 (1951). 

® Henze, R. E., Baker, C. E., and Quackenbush, F. W., Proc. Amer. 
Soc. Hort. Sci., 61, 237 (1953). 

7 Meigh, D. F., J. Sci. Food Agric., 8, 313 (1957). 

* Young, R. E., Pratt, H. K., and Biale, J. B., Anal. Chem., 24, 551 
(1952). 


Plant Physiol., 


Cell-Wall Formation in Root Hairs 


ELECTRON microscopic studies of the cell-wall 
organization in root hairs have shown that the 
microfibrils of the cellulose framework have a ran- 
dom orientation on the outer surface!»? of the cell 
but on the inner surface they have an axial orien- 
tation?. This inner axially oriented layer was con- 
sidered by Roelofsen*? to be secondary thickening. 
In view of the extensive evidence*:4 of the extremely 
localized tip growth of root hairs, the growth of these 
cells has been examined in recent work in this 
laboratory to assist in interpreting results relating to 
autoradiographic studies of growth of cells in which 
localized growth may take place. In the course of 
this work autoradiographs have been prepared of root 
hairs grown in solutions of glucose labelled with 
carbon-14 under varying conditions. Oat seeds were 
germinated on wet filter paper and then immersed 
in a solution containing 10 ue. of labelled glucose in 
5 ml.; (the total glucose concentration being 
adjusted to 1 per cent with unlabelled glucose) 
under the following conditions: (a) Continuous 
immersion in the labelled glucose solution; (6) 
16 hr. in labelled glucose and 36 hr. in unlabelled 
glucose (1 per cent) ; (c) 36 hr. in unlabelled glucose 
followed by 34 hr. in labelled glucose. 

After these treatments the root hairs were extrac- 


ted by six alternate treatments with 0-1 M hydro- 
chloric acid and 0-1 M sodium hydroxide and auto- 
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3% : < iA» {5 2 a 
Autoradiographs of root hairs of oat seedlings. x 100 


Figs. 1 and 2. Young and more mature hairs respectively after 
treatment (a) 
Fig. 3. A hair after treatment (6). The arrow points to the tip 
of the cell 
Young and mature hairs respectively after treat- 
ment (c) 


Figs. 4 and 5. 


radiographs were prepared using Kodak A.R.10 
stripping film. 

In roots growing continuously in labelled glucose 
both the mature hairs (Fig. 1) and the younger 
hairs (Fig. 2) were labelled and showed greater 
radioactivity at the cell tips. This may be related to 
the evidence of Gorter® that the cell tip is a centre of 
cellulose synthesis as well as growth. The cells treated 
as described under (b) above showed strong radio- 
activity at the base while the regions near the tip 
showed markedly less activity (Fig. 3). In the third 
group (c) of roots examined the radioactivity appeared 
to be uniformly distributed in the hairs irrespective 
of their length. (Figs. 4 and 5.) 

If strictly localized tip growth took place without 
secondary thickening then the autoradiographs for 








Fig. 6. 


For explanation see text 
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the three treatments (a), (b) and (c) above would 
be expected to be as shown in Fig. 6 (a), (b) and (c) 
respectively. If, however, secondary thickening 
occurred immediately following the cessation of 
growth then the autoradiographs corresponding 
to the treatments (a), (b) and (c) should correspond 
with Fig. 6 (a), (b) and (d) respectively. Clearly 
this latter possibility more nearly corresponds with 
the observations made. The faint radioactivity in the 
distal part of the hair (Fig. 3) may arise from labelled 
substances accumulated in the root which were 
utilized by the growing hair during its growth in the 
unlabelled solution. 

The evidence of Lundegardh? and Eckdahl‘ can 
leave little doubt that true tip growth occurs in root 
hairs. This would suggest a localization of cell-wall 
synthesis and the observation of Gorter® that cell- 
wall substances accumulate in the cell tip when growth 
is artificially inhibited supports this conclusion. 
The observations here described, while consistent 
with these conclusions, show that, in addition, 

yall synthesis takes place over the whole cell surface 
and even in regions where growth has ceased. If it 
is assumed that the uniform radioactivity in the cells 
following treatment (c) above results from the in- 
corporation of labelled glucose into the axially 
oriented microfibrils of the inner wall surface then it 
seems reasonable to regard them as constituting 
a layer of secondary thickening. Thus the root hair 
appears to provide an example in which, because of 
the precise localization of growth at the cell tip, 
secondary thickening can proceed over most of the 
cell while growth is in progress. This contrasts with 
the conifer tracheid where, although tip growth 
takes place, the growth zone is more diffuse®, and 
secondary thickening extends to the tips of the cells 
only in the concluding stages of differentiation’. 

A. B. WaARDROP 

Division of Forest Products, 

Commonwealth Scientific and 
Industrial Research Organization, 

Melbourne. 
1 Frey-Wyssling, A., and Muhlethaler, K., Mikroskopie, 4, 257 (1949) 
* Roalofsen, P. A., Acta Bot. Neerl., 3, 2, 85 (1954). 
* Lundgardh, H., Arkiv for Botanik, 33,A, 1 (1946). 
* Eckdahl, I., Kung. Landbrukskogskolans Ann., 23, 497 (1957). 
* Gorter, C. J., Proc. Acad. Sci. Amsterdam, 52, 1185 (1949). 
© Wardrop, A. B., Aust. J. Bot., 6, 299 (1958). 
7 Wardrop, A. B., and Dadswell, H. E., Aust. J. Sci. Res., B, 5, 385 


(1952). 





HAEMATOLOGY 


New Fast Abnormal Hemoglobin in Newborn 
Nigerians 


Some workers!) have directed attention to the 
occurrence of a fast-moving hemoglobin in the blood 
of two infants of thalassemie parents. 

We now report the finding of a similar fast-moving 
hemoglobin in the cord blood of 15 (out of 150) newly 


Birth 1 month 2 


3 months 
e 








oe a TRL ct 
35 oe 35 34 35 35 34 = 
Fig. 1. Serial paper electrophoresis of the hemoglobin at monthly 


intervals in cases 34 and 35 showing the gradual disappearance of 
the abnormal fast-moving hemoglobin component. 








998 


born Nigerians examined by paper electrophoresis 
(barbitone buffer, pH 8-6, ionic strength 0-05). It 
was present at birth and its concentration fell with 
that of foetal hemoglobin during the first two months 
of life. It could no longer be detected by electro- 
phoresis at three months (Fig. 1). This is an interesting 
finding which has never been reported in newly born 
Africans. Although its exact significance is still 
obscure, its occurrence in a pair of uniovular twins 
(in our series) suggests the possibility of a genetic 
control. 

A full account of this work will be published 
elsewhere. 

A. E. Boyo* 
Department of Chemical Pathology, 
University College Hospital, Ibadan. 
R. G. HENDRICKSE 
Department of Pediatrics, 
University College Hospital, Ibadan. 
June 3. 

* Present address: Anthropology Laboratory, Department of 

Human Anatomy, Oxford. 


Fessas, P., and Papaspyrou, A., Science, 126, 1119 (1957). 
* Ager, J. A. M., and Lehmann, H., Brit. Medical J., i, 929 (1958). 


PATHOLOGY 


Chromosome Complement of Spontaneous 


Leukemia in AKR Mice 


A NUMBER of tumours of mice, rats, Chinese 
hamsters and man consist of a cell population with 
aneuploid chromosome numbers!-*. These obser- 
vations are frequently quoted in support of the theory 
that somatic chromosomal mutations are involved in 
the process of carcinogenesis. The greater part of the 
published results concerns tumours in the ascites 
form, or long-established transplanted tumours, and 
it is not clear whether these results also apply to 
primary tumours. The few results obtained so far on 
primary carcinoma of man show the occurrence of 
aneuploid cells*»*, whereas the mammary tumour of 
C3H mice consists of a cell population with a diploid 
chromosome number’: the question can be raised as 
to whether the differences in chromosomal behaviour 
are due to different methods of tumour induction. 
In regard to this problem virus-induced tumours 
appeared of particular interest. 

A lymphatic leukemia spontaneously occurring in 
mice of the AKR strain was chosen for the present 
study. All the chromosome analyses were performed 
on leukemic females having an enlarged thymus, 
swollen cervical, mesenteric and caudal lymph nodes 
and a greatly enlarged spleen. For the cytological 
examination colchicine was injected 2 hr. before 
death, thymus, spleen and lymph nodes were removed 
and chopped in hypotonic sodium citrate solution, 
where they were kept for 10-20 min.*. The cells 


were stained with acetic-orcein for immediate 
observations and with Feulgen for permanent 
preparation. 


The chromosome counts of cells from the spleen of a 
normal one-month-old male and of nine leukzemic 
females are shown in Table 1. Although the develop- 
mental stage of leukemia could be considered similar 
in all nine mice examined, the chromosome comple- 
ment differed greatly from animal to animal. Cells 
with a normal chromosome number and apparently 
normal chromosome morphology were encountered 
in the spleen of one mouse (AKR,). On the other 
hand at least three different cell lines are present in 
the spleen of two animals (AKR, and AKR,). The 


most frequently observed aneuploid value consists of 
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Table 1. CHROMOSOME COUNTS IN THE SPLEEN OF ONE NORMAL 
MOUSE AND NINE LEUKAEMIC MICE OF THE AKR STRAIN 


Number of cells containing the indicated 


chromosome counts Total 
cells 
39 40 41 42 43 44 

Control 2 58 60 
AKER, 48 2 50 
AKER, 2 40 10 52 
AKR, 2 40 16 1 59 
CR, 1 10 29 1 3 1 45 
AKR, 5 21 4 30 
AKRi 8 48 2 58 
AKR,, | 6 40 3 50 
AKR, 3 20 18 12 53 
AKR, 15 3 20 23 7 68 


41 chromosomes, which was observed in six mice 
(AKR 14. 2 2 9» 19 and ,,). (These results agree with 
observations made by Dr. S. Ohno, City of Hope 
Medical Center, Duarte, California, according to a 
personal communication.) The additional chromo- 
some was extremely small and easily recognized in 
two mice, but showed no particular characteristics 
in the remaining four specimens. The proportion of 
euploid and aneuploid cells varies greatly in the 
spleen of different leukzemic mice (Table 1). In general 
the occurrence and distribution of aneuploid cells in 
thymus and lymph nodes of the leukemic AKR 
mice was similar to that of the spleen. 

The various alterations of chromosome morphology 
cannot be presented in full in this report; but two 
examples are given in Fig. 1, which shows the 
chromosomes arranged in decreasing length. By 
comparing the ideogram of the aneuploid cells with 
the normal, differences in the morphology of the 
chromosomes become evident. The last three 
chromosomes in mouse AKR,, and the last two in 
mouse AKR, are smaller than the smallest in the 
controls, which indicates that more drastic chromoso- 
mal rearrangements must have occurred during their 
formation. 

If the results described above are compared with 
the chromosome patterns of radiation-induced 
leukemia® a similarity becomes evident. Aneuploid 
cells with chromosome numbers scattered in the 
relatively small hyperdiploid range of 41-43 chromo- 
somes are most frequently encountered in both the 
spontaneous and radiation-induced leukzmia. 

‘Marker’ chromosomes indicating chromosome 
breaks and reunions can, but do not necessarily, occur in 
the aneuploid cells. Finally the spleen and lymph nodes 
of several leukemic mice might consist of cells 
having an apparently normal, diploid chromosome 
number, although the leukemia is as advanced as in 
animals with aneuploid cells (Table 1, ref. 10). 
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Fig. 1. Idiograms of one normal and two leukemic mice. The 


chromosomes are arranged in decreasing length. 
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This similarity of the chromosomal deviations in 
‘adiation-induced leukemias and in ‘spontaneous’ 
leukemia is of particular interest if the difference 
n their origin is considered. The chromosomal 
abnormalities in the first group of leukemias may 
‘esult from a direct effect of the X-rays on the 
chromosomes and mitosis, whereas the cause of 
shromosomal alterations in the ‘spontaneous’ leuk- 
emia must be sought in an internal factor. | Whether, 
ind how, a virus-like agent, which can induce 
eukemia?®, is able to produce chromosomal damage 
remains an open question at present. The problem is 
still more aggravated by our limited knowledge 
concerning the place of origin of the leukeemic cells. 

H. F. Sricu 
R. WAKONIG 
Saskatchewan Research Unit of the 
National Cancer Institute of Canada, 
University of Saskatchewan, 
Saskatoon. 
A. A. AXELRAD 
Department of Medical Biophysics, 
University of Toronto, 
Toronto. 
June 5. 
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HISTOLOGY 


Periodic Acid-Schiff-Positive Material and 
Alkaline Phosphatase in the Uterine Wall of 
the Pig during the Sexual Cycle 


FEw histochemical investigations of the uterine 
wall in pigs appear to have been made judging by the 
literature. Systematic investigations on _ vari- 
ations during the sexual cycle in normal sows, or 
changes in different forms of sterility have therefore 
been started in this Department. In this preliminary 
report an account will be given of variations in 
periodic acid-Schiff-positive material and alkaline 
phosphatase during the sexual cycle in apparently 
normal sows. 

The periodic acid-Schiff method has been followed 
es described by Lillie! and alkaline phosphatase has 
been demonstrated by means of the ‘azo-dye’ method 
of Menten-Junge-Green and performed in accordance 
with Grogg and Pearse?. 

The material for the histological sections was taken 
partly from biopsies obtained by laparotomy and 
partly from pieces cut out immediately after killing. 
In both cases material was taken from a point about 
10 cm. proximal to the uterine bifurcature and from a 
point about 10 em. distal to the cranial end of the 
horn. Immediately after removal, fixation was 
performed in 10 per cent neutral formalin. 

The investigations seem to show that periodic 
acid-Schiff-positive material is present in three main 
areas—the surface epithelium, the glandular epithelium 
and the uterine musculature. There appears to exist 
a quite clear cyclic variation in these three main 
areas. 
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Lo ~~ 
Periodic acid- Schiff reaction in the endometrium, 
Day 11 after heat. Positive 
No reaction in the surface 
(x90). 


Fig. 1. 

Paraffin sections of 2 n.gm. thickness. 

reaction in glandular epithelium. 
epithelium. 





Fig. 2. Periodic acid-Schiff re an in the endometrium. 
Paraffin sections of 2 n.gm. thickness. Day 14 after heat. Positive 
reaction both in surface and glandular epithelium. ( x90.) 
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Fig. 3. Alkaline phosphatase in ‘the endometrium. Frozen 
sections of 25 wgm. thickness. Day 5 after heat. High activity 


in outer third of surface epithelium. (x 90.) 

The entire uterine wall is practically free from 
periodic acid-Schiff-positive material during the 
eight days immediately following heat. From the 
ninth day until the reappearance of heat, the periodic 
acid-Schiff reaction can be observed in the glandular 
epithelium and musculature. In the musculature, 
the outermost longitudinal part is that richest in 
periodic acid-Schiff-positive material. In the surface 
epithelium, the first traces of this material were 
demonstrated on the twelfth day after heat, with an 
increase the following days, and a subsequent decline 
again nearly to the complete disappearance at heat. 
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There was no difference between the variation in 
periodic acid-Schiff-positive material observed in the 
caudal and in the cranial part of the uterus. No 
regular cyclic variation appears to exist in the 
intracellular location of the periodic acid-Schiff- 
positive grains. 

In the uterus of a sow castrated 4 days after heat 
and slaughtered one month later, no trace of any 
periodic acid-Schiff-positive material could be 
observed. 

The alkaline phosphatase appears to be present in 
three main areas: in the surface epithelium, in the 
glandular epithelium and in stroma. 

A marked cyclic variation could be observed in the 
enzyme activity in the surface epithelium. The 
activity is limited to the supranuclear cytoplasm. 
During heat, alkaline phosphatase is present in 
moderate amounts. During the first 5 or 6 days after 
heat, there is strong enzyme activity, and the outer- 
most third part of the epithelium appears as an 
intensely black zone. During the next 3-4 days, the 
activity is moderate to feeble. During the remaining 
days,of the cycle, the epithelium shows only traces of 
phosphatase activity. 

Nq definite cyclic variation appears to exist in the 
glanqular epithelium and in stroma. In the uterine 
wallfof the castrated sow, no trace of alkaline phos- 
phatkse could be observed. 

Rotv AusTaD 
OtTTo GARM 
Depjrtment of Sexual Physiology 

and Sexual Pathology, 

Veferinary College of Norway, 

Oslo. June 6. 

' Lill Ban D., ‘Histopathologic Technic’ (Philadelphia : Blakiston, 


52). 
? PeafRe, A. E. G., ‘Histochemistry’ (London: Churchill, Ltd., 1953). 





RADIOBIOLOGY 


A ;Progressive’ Mutation induced in Poa 
pratensis L. by lonizing Radiation 


BheEpinc improved varieties of apomictic species 
is c4mplicated by the problem of hybridizing plants 
and thereby recombining desirable characteristics, 
and by the possibility that many otherwise desirable 
hybrids will reproduce sexually. 

Poa pratensis (Kentucky bluegrass) may be classed 
as q facultative apomict, in which embryo sacs 
develop through apospory in apomictie biotypes’. 
Varying numbers of aberrant plants are found in 
many apomictic progenies, and a very large pro- 
portion of these variants appear to develop by a 
sexual process?. Akerberg*:* found that as a rule 
aberrant plants were more highly sexual than their 
parents. 

Radiation experiments were initiated with Merion 
Kentucky bluegrass in order to explore the possibility 
of introducing variation without resorting to hydrid- 
izatjon. Merion is an apomictic variety with 95 per 
cent or more of the plants in space planted progenies 
identical in appearance. It is characterized by a high 
level of tolerance to Helminthosporium  vagans 
Drechs., a very destructive leafspot fungus, excellent 
dark blue-green colour, short leaves and appreciable 
tolerance to close mowing. Merion is susceptible to 
stem rust (Puccinia graminis Pers.), which limits its 
usefulness in areas where stem rust is a serious 
problem. 

A Merion seed lot was divided into 5 samples, 4 of 
which were treated with the following intensities of 
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thermal neutron radiation at the Brookhaven 
National Laboratory, Upton, New York: exposure 
8 hr., total dose 1-95 10135n; 16 hr., 4:05 x 10!3n; 
25 hr., 6:50 1013n; and 32 hr., 7:63 x 1013n. 

In a greenhouse test, emergence time of lots 
treated with 16-, 25- and 32-hour exposures was 
significantly longer than that of the untreated control. 
The average percentage emergence was reduced to 
75 per cent of the control by the 32-hour treatment, 
but there was no appreciable difference in percentage 
emergence among the control and the 8-, 16- and 
25-hour treatments. These results are in sharp 
contrast with those obtained in Bromus inermis Leyss. 
and Festuca arundinacea Schreb., on which comparable 
thermal-neutron treatments had a drastic effect on 
emergence. 

The M, generation (generation exposed to the 
mutagen treatment) included 30 abnormal seedlings 
selected from the 32-hour treatment and 100 seedlings 
taken at random from the control and from each of 
the 16-, 25- and 32-hour treatments. The seedlings 
were planted on 3-foot centres in the field in the fall 
of 1956. The 1957 growing season was dry and very 
little disease developed. In the absence of any 
criteria for selection, seed was harvested from every 
plant that produced it. 

The M, generation consisted of single 10-plant 
progenies from each of 300M, survivors, which in 
turn represented varying numbers of plants within 
the three thermal-neutron treatments and the check. 
The seedlings were planted on 2-foot centres in the 
late spring of 1958. 

In the summer of 1958 a very heavy natural 
epiphytotic of stem rust developed in the M, nursery. 
Every plant in the nursery was attacked by stem rust 
with two exceptions, (a) a single aberrant plant in one 
progeny obtained from a M, plant in the 25-hour 
thermal neutron treatment, and (6) all the plants in 
one 10-plant progeny which came from a M, plant 
in the same thermal-neutron treatment. In late 





Fig. 1. Right, apomictic stem rust-free progeny of Poa pratensis 

obtained from thermal neutron irradiation (portions of plants 

3-7 removed for cytological study). Left, stem rust-infected 

progeny showing severe defoliation typical of the remainder of 

the nursery. Another species, Festuca elatior L., appears at the 
upper right. 
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summer, stem rust developed on the aberrant plant, 
and in all probability this plant resulted from an 
outcross to common Kentucky bluegrass. 

All the plants in the stem rust-free progeny 
remained free of stem rust throughout the growing 
season. However, a few pustules of one of the yellow 
leaf rusts were observed in this progeny in late fall. 
The plants within the stem rust-free progeny were 
similar in type and indistinguishable from spaced 
lants of the Merion variety. 

Top growth on the majority of the infected pro- 
yenies was killed back to ground level, while the 
stem rust-free progeny remained green and con- 
tinued to grow. The damage attributable to stem 
‘ust is shown in Fig. 1. The variation in size among 
jlants in the rust-free progeny in Fig. 1 is due to the 
removal of tillers for cytological studies. 

The stem rust-resistant progeny may have developed 
from an outecross to a rust-resistant biotype, but this 
possibility would appear to be rather remote. Plants 
with a high level of stem rust resistance are not 
common in most populations of Kentucky bluegrass 
and, in addition, outcrossing would not be expected 
to yield an apomictic progeny. 

It seems logical to conclude that the stem rust-free 
apomict resulted from a mutation. ‘The mutation 
could have been spontaneous in origin, but there are 
strong arguments to support the conclusion that it 
was induced by the mutagenic treatment. No 
evidence of mutations for disease resistance has 
been found in untreated progenies included in this 
experiment or in those included in other extensive 
trials conducted at this station. 

The basis for obtaining disease resistance through 
induced mutation may involve alteration in the 
availability of a food substance required by the 
pathogen®. The results obtained in this study should 
not be interpreted as suggesting that radiation is an 
efficient procedure for isolating stem rust-resistant 
lines of Poa pratensis. They do indicate, however, 
that when hybridization is difficult, radiation may 
be an effective tool for introducing variation within 
the progeny of selected individuals. 

A. A. HANSON 
F. V. JusKa 
Crops Research Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Plant Industry Station, 
Beltsville, Maryland. 
1 Tinney, F. W., J. Agric. Res., 60, 351 (1940). 
? Brittingham, W. H., J. Agric. Res., 67, 225 (1943). 


* Akerberg, E., Hereditas, 25, 359 (1939) ; 28, 1 (1942). 
’ Konzak, C. F., Brookhaven Symposia in Biology, 9, 157 (1956). 


BIOLOGY 


Rete Mirabile in the Gas Bladder 
of Coregonus lavaretus 


In fishes with gas secretion both a gas gland 
epithelium and a counter-current capillary system are 
usually found in the gas bladder. This is true of 
physoclists and a Jarge number of physostomes. Data 
m the composition of the gas bladder gases in 
ecoregonids indicate the presence at least in some 
species of an oxygen-transporting mechanism’. 
Experimentally gas secretion has been demonstrated 
in other salmonids as well*. Because no rete mirabile 
has been found in salmonids, it has been supposed 
that in these fishes a pure cellular gas secretion 
without participation of any counter-current multiplier 
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Rete mirabile from the gas bladder of Coregonus lavaretus. 
Indian ink injection. 





Rete mirabile from the gas bladder of Coregonus lavaretus. 
Fixed with Bouin’s fluid, stained with azan. 


system takes place*. The discovery of a rete mirabile 
in Argentina’, which is systematically related to the 
salmonids, might lead one to expect to find this 
structure also in the gas bladder of the latter. The 
fact that it has not been observed by previous 
investigators could be due to an unusual anatomy of 
the rete system. ; 

In the course of a comparative study of the blood 
vessels in the gas bladder of physostomatous fishes, 
the question of the presence or not of a vascular rete 
in the gas bladder of Coregonus was re-investigated on 
some specimens of C. lavaretus from the Baltic. The 
blood vessels were studied in histological sections and 
by indian ink injections. As a result of the investi- 
gation a rete mirabile could clearly be demonstrated. 
The arrangement of the blood vessels was as follows: 
an artery and a vein run along the pneumatic duct 
to the gas bladder. After reaching the anterior end 
of the bladder, both vessels split into two longitudinal 
vessels running backwards along the bladder. In 
their course they repeatedly branch in a similar way, 
with one artery and one vein practically always 
running together. By further ramification, an 
extensive plexus is formed consisting of more or less 
flat bundles of three or more parallel vessels. Close 
to the pneumatic duct the bundles often consist of 
ten or more vessels; further back they generally 
comprise only three vessels, the central one always 
an artery. In the larger bundles arteries and veins 
alternate fairly regularly. The lumina of adjacent 
vessels are separated only by the thin vascular walls. 
The number of the rete bundles diminishes rather 
abruptly about 30 mm. from the anterior end of the 
bladder, but flat bundles can be found even in the 
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posterior part of it. The average diameter of the 
vessels composing the rete bundles is 10 uy. The 
bundles run 1-2 mm. parallel with the wall of the 
bladder in the loose connective tissue (submucosa). 
Then they abruptly traverse the dense connective 
tissue (muscularis mucosz) and the lamina propria 
to the base of the epithelium. The total length of the 
vessels of the rete bundles calculated from measure- 
ments on transverse sections of a gas bladder of 
80 mm. length was about 50 m. 

The vascular bundles described above are not a rete 
mirabile of a conventional type. Due to their 
abundance, however, they form together a counter- 
current circulatory system with a capacity comparable 
to that of the compact rete mirabile of physoclists. 

GORAN FAHLEN 
Institute of Zoology, 
University of Lund, 
Sweden. 


June 15. 
1 Sundnes, G., Nature, 183, 986 (1959). 
* Wittenberg, J. B., J. gen. Physiol., 41, 783 (1958). 
® Sundnes, Enns and Scholander, J. exp. Biol., 35, 671 (1958). 
* Fange, R., Quart. J. micro. Sci., 99, 95 (1958). 


Isolation of Tobacco Leaf Cells Capable of 
Supporting Virus Multiplication 


BEcAUSE of its waxy cuticle, plant leaf tissue admits 
few substances applied to the leaf surface. Bio- 
chemical studies on the effects of exogenous additives 
on cell metabolism may require such substances to 
enter the cells with a minimum delay between 
application and absorption. Work in this lahoratory 
on the multiplication of tobacco mosaic virus in 
tobacco leaf tissue has prompted the development of 
a technique for the preparation of quantities of 
isolated tobacco leaf cells. These cells support virus 
multiplication and overcome the barrier to penetration 
of low molecular weight substances, presented either 
by the intact leaf or the detached leaf or leaf piece. 

This procedure is based on the enzymatic degrada- 
tion of the intercellular pectic substances by pectinase 
—a technique applied previously to root meristems?. 
Fully expanded leaves of Nicotiana tabacum var. 
Turkish Samsun were rinsed and the midribs removed. 
The laminar tissue was cut into strips of about 3 mm., 
and shaken at room temperature for 3—4 hr. in a 0-1M 
Sérensen’s phosphate buffer, pH 6-2, containing 0-35 
moles of sucrose per litre and 0-2 per cent pectinase 
(Nutritional Biochemicals Corporation, Cleveland 28, 
Ohio). The separation of cells, dependent on vigorous 
shaking, occurs at the cut surfaces of the leaf pieces. 
Laboratory shakers with a reciprocating motion 
(200-250 excursions per minute) were suitable : 
bottles were half-filled with solution, leaf pieces were 
added in the proportion of 1 gm. of tissue to 20 ml. 
of solution, and the bottles placed on their sides for 
shaking. When shaking is terminated, the isolated 
cells in the mixture sink, while the remaining leaf 
pieces, vascular elements, and contents of broken 
cells tend either to float at the surface or to remain in 
suspension. After standing for a few minutes, the 
supernatant liquid above the cells is poured off and is 
then replaced by some of the sucrose containing buffer 
(without pectinase). This process is repeated at least 
twice ; the suspension is then filtered through four 
layers of cheese cloth. If some of the isolated cells 
remain on the cloth pad, they may be washed through 
with the same fluid. Again allowing the cells to 
settle, the supernatant liquid is poured off and the 
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cells are centrifuged for 5 min. at 250g. The pellets 
are resuspended in either pH 6-2 or pH 7-0 sucrose- 
phosphate buffer. Centrifugation and resuspension 
is continued until the supernatant liquid clears— 
usually after two or three times—final resuspension is 
achieved by drawing the cells into a pipette to separate 
any clumps of cells resulting from the centrifugation. 
Optimal conditions of pH, buffer and sucrose con- 
centration for the preparation of cells were appraised 
from the appearance of the isolated cells in the 
microscope. Under the conditions described for 
tobacco, Brownian movement of the plastids may be 
observed, implying a fluid state of the cytoplasm, and 
the integrity of the chloroplasts appears to be main- 
tained (Fig. 1). Pectinase activity is enhanced at 
pH’s lower than the pH of 6-2 used above, but results 
in cells of a poorer appearance, particularly shrinkage 
of the protoplast from the cell wall and clumping of 
the chloroplasts. At pH 7 no pectinase activity is 
evident. Sucrose concentrations of between 0-3 and 
0-4 M have yielded cells of equivalent appearance. 
In routine experiments, 30 per cent of the chloro- 
phyll of the leaf can be recovered in the intact cell 
preparations. With increased shaking time and careful 
attention to the recovery of the cells this can be 
increased to about 45 per cent. The cell types 
recovered probably do not appear in the same propor- 
tions as they would occur in the intact leaf but 
represent an enrichment of mesophyll cells. That is, 
the epidermal cells are reduced in number because the 
waxy cuticle holds them together; afterwards they 
are removed by filtration when the cells are separated 
from the reaction mixture. Vascular elements would 
be similarly eliminated by filtration because of their 
size. Most cells are isolated as individuals, but groups 
of 2—5 cells sometimes appear (Fig. 2). 


a gs ot ce 





An isolated tobacco leaf cell, presumably from the spongy 
Suspended in pH 6-2 buffer, containing 0-35 moles of 
sucrose per litre. 


Fig. 1. 
mesophyll. 
(x465) 





Fig. 2. Group of tobacco leaf cells, showing several types of cells. 
Medium as in Fig. 1 (x120). Photos: Andrew Tau, 








por 
evi 
isol 
the 
ine 
can 
ove 
int 
] om 
ine 
pre 
por 
wit! 
pre 
cell 
rad 
virt 
stu 
leaf 


ad 

was 
stra 
fav 
of J 
bore 
cell 
yiel 
fror 
che 
lool 
of t 
eith 


Sei 
Div 
Uni 
fror 


Dey 


‘Ch 
* Ste 


* Bo 


Eff 
Su 


pot 
pri 
“Mi 
1nir 
exe 
100 
pot 
vali 
phe 
suit 


pro 
The 
qué 
con 
sho 
par 





34 


lets 
rose- 
sion 


on is 
irate 
tion. 
con- 
Lised 
the 

for 
y be 
and 
ain- 
1 at 
sults 
cage 
g of 
y is 
and 


oro- 
cell 
eful 

be 
pes 
00r- 
but 
; is, 
the 
hey 


uld 


1eir 
ups 


if 





No 4691 


September 26, 1959 


From their microscopic appearance, a high pro- 
portion of the isolated cells are viable. Further 
evidence for viability is provided in the capacity of 
isolated cells prepared from infected tissue to support 
the multiplication of tobacco mosaic virus when 
incubated. To date, the synthesis of virus protein 
can be demonstrated only in an intact cell. More- 
over, when isolated virus-infected cells were incubated 
in the presence of a radioactive amino-acid (glycine- 
1-14C or pt-leucine-1-!4C), the amino-acid was 
incorporated into whe protein of the virus. In 
previous studies with tobacco mosaic virus, incor- 
poration into virus protein was demonstrated only 
with intact leaf tissue and not in homogenized 
preparations of a cell-free nature*®:*, although these 
cell-free systems were active for the incorporation of 
radioactive amino-acids into proteins other than the 
virus. At a later date, I shall report in detail my 
studies of tobacco mosaic virus synthesis in isolated 
leaf cells. 

To test the general applicability of the method, an 
ad hoc assortment of leaves of 12 species of plants 
was tried. Of these, Nicotiana glutinosa, Datura 
stramonium and potato yielded cells which compared 
favourably both in yield and appearance with those 
of N. tabacum ; Chenopodium amaranticolor, Quercus 
borealis and Crotelaria spectabilis gave relatively few 
cells of good appearance ; corn and Ginkgo biloba 
yielded no cells at all. There was good cell production 
from leaves of two species of Prunus (a peach and a 
cherry), cucumber and Magnolia sp., but the cells 
looked injured, being reminiscent of the appearance 
of the tobacco leaf cells prepared under conditions of 
either low pH or unfavourable sucrose concentration. 

These studies were initiated at the Commonwealth 
Scientific and Industrial Research Organization, 
Division of Plant Industry, Canberra. At the 
University of Missouri, partial support was derived 
from a grant of the Herman Frasch Foundation. 


MILTON ZAITLIN 
Department of Horticulture, 
University of Missouri, 
Columbia, Missouri. 
June 12. 
' Chayen, J., Nature, 170, 1070 (1952). 
* Stephenson, M. L., Thimann, K. V., and Zamecnik, P. C., Arch. 


Biochem. Biophys., 65, 194 (1956). 
* Boardman, N. K., and Zaitlin, M., Virology, 6, 758 (1958). &: 


Effect on the Groundnut of Variations in 
Supply of Potassium, Calcium and Magnesium 


GROUNDNUTS (var. Philippine Pink) were grown in 
pots using a typically infertile local soil with the 
primary object of studying Prof. M. V. Homés’s 
“Method of Systematic Variations’! for the deter- 
inination of major element requirements. With the 
exception of the controls, plants were supplied with 
100 mgm. equivalents of various proportions of 
potassium, calcium and magnesium, 100 mgm. equi- 
valents of a good fixed ratio of nitrate, sulphate and 
phosphate, and micronutrients at levels known to be 
suitable for many plants in sand culture?. 

There are three distinct optimum mixtures for the 
production of ‘tops’, shell and kernels (Fig. 1). 
There is a depressive effect of some mixtures on 
quantity and quality of seed production while the 
controls produced good-quality ‘nuts’. The effect of 
shortage of calcium on groundnuts is well known 
particularly in the United States, while the effect of a 
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100 Ca 100 Mg 
TABLE 1. 
Mgm. Equivalents Yields, gm./pot, of : 
of added : 
K Ca Mg ‘Tops’* Shell Kernels 
100 0 0 54-0 5-03 2-16 
80 10 10 71:6 9-90 1-20 
70 15 15 60-4 12-0 1-09 
60 20 20 57°5 13-1 2-03 
40 30 30 41-5 10-4 10-7 
20 40 40 35°5 11-1 17-4 
0 50 50 22-6 7:72 13-1 
0 100 0 20-7 3°51 10-8 
10 80 10 24-5 6-72 11-7 
15 70 15 23-3 5°15 12-2 
20 60 20 23-0 4-55 12-8 
30 40 30 24-7 6-62 18-0 
40 20 40 40-7 14-1 2-75 
50 0 50 55-9 9-31 0-26 
0 0 100 31-6 10:8 6-70 
10 10 80 47-0 14-4 3°35 
15 15 70 50-2 17:0 1-72 
20 20 60 46-4 15-2 3-24 
30 30 40 44:2 14-1 4-26 
40 40 20 23-9 7°25 20-5 
50 50 0 33-7 12-0 8-09 
0 0 0 9-90 1-66 3°55 


* ‘Tops’ are the dried vegetative parts of the plant with the exception 
of the roots. All yields are means of three replicates. 


relative excess of potassium is known here in Gambia ; 
200 lb./acre of potassium chloride can result in an 
increase in groundnut hay yield of up to 30 per cent 
with a simultaneous depression in ‘nut’ yield of 14 per 
cent. The apparent importance of magnesium in 
groundnut pericarp formation was unexpected, as was 
the completely different behaviour from tomatoes 
grown in similar conditions; the best ratio of 
potassium:calcium:magnesium (as equivalents) for 
tomato fruit production was approximately 40:12:5: 
47-5, while the optimum for vegetative growth was 
35:40:25. 

This note is published with the permission of the 
Government of the Gambia. 

R. COMBER 
Department of Agriculture, 
Gambia. 

1 Homés, M. V., Soils and Fert., 18, 1,101 (1955). 
* Hewitt, E. J., ‘Sand and Water Culture Methods used in the study 


a Nutrition’, 189 (Commonwealth Agricultural Bureaux, 
952). 


Prefreezing as a Method enabling Animals to 
survive Freezing at an Extremely Low 
Temperature 


IN a previous paper it was demonstrated that, after 
sufficient extracellular freezing, some intact insects 
could survive freezing in liquid oxygen without any 
antifreeze agent’. This might be a method for 
keeping an entire organism alive at extremely low 
temperatures, provided that it is sufficiently frost- 
resistant. Some work along these lines has been 
carried out in our laboratory. In plant. tissues, 
Sakai has already successfully applied the method to 
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various hard woods?. In animal material it was 
examined with regard to various intact animals and 
to excised tissues or cells. 


Our prefreezing method was found to be quite 
effective both for a fairly large butterfly chrysalis, 
about 1 gm. body-weight, and for a tiny nematode. 
Overwintering pupz of the swallow tail, Papilio 
machaon hippocrates Felder et Felder, were kept at 
—30°C. for one hour and then immersed directly in 
liquid oxygen for two days. After rewarming in air 
at room temperature most of them were found to be 
alive. Of ten pup examined five were able to 
resume their development at 20°C. In these insects, 
however, the formation of imaginal tissue was 
restricted to the anterior half of the pupal bodies ; 
the abdomen behind the third or fourth segment 
remained in the pupal state and survived for some 
ten days at least with an active heart beat even 
after the anterior halves had died. The control 
insects, which were treated in entirely the same way 
except for the immersion in liquid oxygen, appeared 
on the wing within about forty days at 20°C. The 
even frost-resistant the oyster, if 
treated previously in glycerolated sea water, survived 
freezing at a super-low temperature after prefreezing 
by our method.* 


less tissues of 


The highest temperature at which the prefreezing 
treatment is sufficiently effective to enable an animal 
to withstand extremely low temperatures seems to be 
about 30°C. In the case of prepupa of a slug 
caterpillar, Cnidocampa flavescens (Walker), nearly 
all the insects prefrozen at this temperature survived 
freezing in liquid oxygen’. Most of the caterpillars 
prefrozen at —25°C., on the other hand, died within 
several days of rewarming from a very low temper- 
ature, although some of them had been alive with 
active heart beat just after thawing. Further, the 
ciliary beating in oyster gill pieces always regained its 
full activity after a direct immersion in liquid oxygen 
provided they were previously frozen at a temperature 
lower than —30°C, 

In a plant-parasitic nematode, Aphelenchoides 
ritzemabosi Schwartz, under freely swimming con- 
ditions in tap water, the most effective prefreezing 
temperature seems to be lower than —25°C. Never- 
theless, as a result of a prefreezing even at a temper- 
ature between —10°C. and —25°C. about one-fifth of 
the frozen animals maintained their motility after 
rewarming from an extremely low temperature 
(Fig. 1). Besides, it was interesting to note that a 
few specimens of this animal always survived freezing 
in liquid oxygen provided the medium they were in 
had previously frozen, even at a temperature near 
0°C. 

Although tiny nematodes can be _ vitrified 
rather easily, these results cannot be explained by the 
vitrification of their bodies, because some of them are 
always found to be alive even after slow rewarming 
from an extremely low temperature. 

It seems likely that in most cases mentioned above 
searcely any intracellular freezing occurs during the 
preliminary freezing, since the rate of cooling in the 
animal tissues must be lowered considerably by the 
liberation of latent heat of crystallization in large 
quantities of medium or body fluid. In hardy cells, 
at least, rapid cooling is one of the essential factors 
in decreasing the capacity of the cell surface to prevent 
frost®. Now it has been shown for various insects 
that the amount of water crystallizing at —30°C. is 
more than nine-tenths of total water content, that is 
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nearly all the freezable water in these insects*§8, 
In addition, it was demonstrated in a previous paper 
that in insects rapidly transferred into liquid oxygen 
from a temperature higher than —-20°C., some of the 
tissue cells seemed to freeze intracellularly!. This is 
also the case with nematode or molluscan tissues. 
Considerable destruction of body structure was 
frequently found in killed nematodes after they had 
been thawed. 


Percentage survival 


10 20 30 
Prefreezing temperature (°C.) 
Fig. 1 


Fig. 1. 
oxygen 
a e, 


Percentage survival in nematodes immersed in liquid 
after preliminary freezing at graded temperatures. 
Experiment ; , control, with prefreezing only. 


The results described above fully agree with the 
hypothesis suggested in a previous paper! ; namely, 
if animals are previously frozen extracellularly at 
—30°C., scarcely any water crystallizes in their tissue 
cells even in liquid oxygen. In hardy organisms the 
death by extracellular freezing takes a long time 
compared to that caused by intracellular freezing. 
Further, the speed of the process in the former type 
of frost injury may be slowed down considerably at 
extremely low temperatures. In fact almost all the 
caterpillars prefrozen at —30°C. revived even after 
they were kept in liquid oxygen for more than two 
months (Asahina, unpublished). Therefore, an 
animal might certainly survive freezing at such a 
temperature provided it can withstand the pre- 
freezing at —30°C. 

Some of the experimental results from our 
Institute recently obtained for various organisms 
also seem to support this view. In _ tissue 
cells of very hardy plants, Sakai® showed that the 
proportion of survival was never affected by the rate 
of rewarming from an extremely low temperature, 
if the cells were previously frozen at —30°C. Even 
in yeast cells, suspended in distilled water, prefreezing 
at temperatures lowes than —30°C. was remarkably 
effective in keeping them alive in liquid nitrogen 
(Nei, unpublished). 

A relatively large 
prefrozen at temperatures higher than —30°C. 
and then transferred into liquid oxygen may 
probably be explained by a body structure particularly 
suitable for dehydrating their cells very rapidly when 
extracellular freezing is applied. 


proportion of nematodes 


E1zo ASAHINA 


Institute of Low Temperature Science, 
Hokkaido University, 
Sapporo, 

Japan. 

June 3. 
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